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Panel meters: . 
Ss what you read 
‘what you need? 
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| defense. Q 





Connections were much simpler 
200 years ago. Torch the fuse 
and the cannon fired. 

Supplying the vital spark 
that makes a modern weapon 
system do its job is a lot 
more complicated. 

That's where we come in. 
For many years, primes and 
OEMs for military and aero- 
space products have depended 
on us to provide the vital links 
in their electronic systems— 
flat cable, etched circuitry, 
connectors, and total inter- 
connection systems. 

Our high-rel connections 
have to be the best. They re 
used in systems like Phoenix, 
Maverick, Lance, Minuteman, 
AWACS, F-14, F-15, Space Shuttle, 
Viking, Sonobuoy, F-4, A-7, 
Condor, Standard Missile, F-18, 
AAH, Cruise Missile, F-8, Trident, 
Hobo, Sprint and many more. 

To learn how we can serve 
your interconnection needs, 
contact Jack Maranto or Dave 
Cianciulli: Hughes Connecting 
Devices, 17150 Von Karman 
Ave., Irvine, CA 92714. 

Or call (714) 549-5701. 





Hughes 
Connecting Devices 


For more information, Circle No. 1 





7 Powercube’s MIL- 
and Standard ‘“‘gold line” 


do it with Cirkitblock® modules 

enable you to bread- 
ogee spending pain custom power 

supply systems in 

MOGuUICcs minutes with AC or DC 
input switching preregulators, EMI terminal 
modules, high-frequency generators and 
transformer isolated output modules - all 
encapsulated in tiny, lightweight packages 
and most available right off the shelf. 
(Powercube can also assemble your power 
supply systems for you.) 


You will find many of our military 
and space programs rely on the “gold line” 











Cirkitblock modules. The reason: these MIL- 
Standard power modules meet the most 
demanding specs for sophistication, weight, 
environment, ruggedness, reliability and 
performance (i.e., MIL-STD-704A, MIL-STD- 
461 and environmental conditions of MIL-E- 
5400). What’s more, all ‘“‘gold line’”’ 
Cirkitblock modules are MIL-qualified*. 

If you have problems because your 
power supply vendor let you down, or you are 
involved in anew system and want to test your 
power supply quickly, read our “gold line’”’ 
Selection Guide. Just circle the reader response 
number or phone 617-891-1830 to get your copy. 

It will give you a whole new set of 


standards. 
*Supporting documentation available upon request. 


Custom design 
your power 
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Let’s talk about the easy way 
for you to spot microprocessor 
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ably both 
spent hours 
at the simu- 
lator to prove 
we had good 
software and 
: F then discov- 
ered the hardware won’t play — 
what do we do? You know the 
traditional answer. Dig out the 
scope, get out the program 
printout, and brace yourself for 
hours of grinding, point-by- 
point checks. But I can tell 

you that doesn’t have to be the 
case. Especially now that HP 
has introduced some new tools 
that can really cut down your 
troubleshooting time. 

HP’s Logic State Analyzers 
can really take a lot of pain 
out of your troubleshooting 
procedures. You’ll find wiring 
errors, defective components, 
and even solder splashes; and 
you'll find them a lot more 
quickly than ever before. 

Let me give you an example. 
We had an eight-bit micro- 
processor system with start-up 
problems. The clocks were run- 
ning and phased right, and the 
address lines toggled, but the 
machine didn’t function. So, we 
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AP mode, lets you examine the unique «‘ 
“fingerprint” of every logic system. 
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In the TABLE mode, the 1600S displays up to 
16 32-bit words. These words could be 
combinations of addresses, instructions or 
states of the control lines. 


set up an HP 1600S Logic State 
Analyzer to look at both the 
Address and Data buses. It was 
then we noticed that only 
‘zeros’ were being fetched from 
memory. Knowing the ROM was 
good, we then added several 
control lines to the display 
and the problem showed up im- 
mediately. The ‘‘Enable’”’ line 
never went high. A quick look at 
the ‘‘Enable’’ driver showed the 
input was ok, but no output. 
Obviously, the gate was defective. 

I don’t know how long it 
would have taken to find that 
one without HP’s Logic State 
Analyzers, but I know it would 
have taken us a lot longer. 

Call your local HP field 
engineer. He’! give you all 
the details on the 1600S (priced 
at $7100*) including spec sheets 
and application notes detailing 
the use of mapping for trouble- 
shooting minicomputer and micro- 
processor systems. He’|] tell 
For more information, Circle No. 5 
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you about the seminars that HP 
has arranged around the country 
and tell you when one will be 
held in your area and how you 


-can attend. You ought to go to 


one, because you’ll discover an 
exciting new concept in digital 
troubleshooting. 

*Domestic U.S.A. price only. 
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Analog, digital or digilog? 
Most manufacturers agree 
that the final application 
will determine the meter 
technology best suited to 
your design. We_ thank 
Datel Systems, Inc. for their 
imaginative cover photo 
combining the best of all 
worlds. Our  “experts’ 
views” story begins on 
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In-circuit emulation 
product can do while 


The dream of design engineers is to 
develop, debug, and integrate hardware and 
software in their actual product environ- 
ment —from day one. Thereby dramatically 
shortening the development time —and 
development cost— of their microcomputer- 
based products. 

The Intellec® microcomputer develop- 
ment system makes the dream a reality. 
Because the Intellec system has everything 
you need to design microprocessor based 
products using Intel® 8080, Series 3000 
and future Intel microprocessors. 

You reverse the traditional product 
development flow which postpones hard- 
ware/software integration until late in the 
development cycle. Move from concept 
through design, system integration and 
debugging to production in a fraction of 
the time normally required. 

With ICE-80 and ICE-30 Intellec’s in- 
circuit emulation modules, you exercise 
your complete hardware/software proto- 
type under control of high level diagnostic 
_ software. ICE-80 plugs into the 8080 socket 
in your prototype system and runs it in 
real time. Under Intellec system control, 
you single-step your system program, using 
Intellecs memory and I/O as though they 
were part of the prototype system. Power- 
ful debug functions are extended into your 
system and you can examine or modify 
your system memory or Intellec memory 
using symbolic references instead of 
machine addresses. 








lets you see what your 
its still on the bench. 


The Intellec system includes its own 
8080 processor, memory, and a full range 
of peripherals designed to ease your de- 
velopment task. These include diskette 
operating system, CRT/keyboard, line 
printer, universal PROM programmer, 
high speed papertape reader, the in-circuit 
emulation modules, (ICE-80 and ICE-30 
and interfaces for teletypewriter and high 
speed tape punch. 

Under Intellec software you assemble, 
edit, execute and debug programs quickly. 
The diskette-based operating system, ISIS, 
performs all your program and file manage- 
ment tasks automatically. A wide range of 
system commands gives you complete con- 
trol of your prototype, including the ability 
to set multiple hardware and software brea 
point conditions. 


The Intellec system provides the con- 
venience of a complete in-house develop- 
ment system, backed with the quality sup- 
port, service, training, and documentation 
you expect from the company that is the 
leader in microprocessor systems develop- 
ment. And the Intellec system is available 
for immediate delivery. 

If youve always wanted to see how your 
product works while it’s still on the bench, 
experience an Intellec system for yourself. 
For a demonstration or for technical in- 
formation use the reader service card or 
write: Intel Corporation, 3065 Bowers 


Avenue, Santa Clara, California 95051. 
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Circle No. 7 for technical information only. 
Circle No. 8 for a demonstration and technical information. 
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“Now youcan builda 
for less than the cost of 


“Our new monolithic CMOS A/D converter 
makes low-cost, 3-digit DVMs a reality. With it 


you can put precision digital .~@ r»% =p 
readouts into applications that Be WS Ne A’ 
did not make economic sense 
in the past. With the Siliconix 
LD130, you can modernize 

products such as thermometers 
dashboards, test consoles, 


industrial meters and 

controls at a cost com- 
petitive with ordinary 
analog meters?’ 
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“At Siliconix, we call the LD130 ‘everyman'’s digital 
voltmeter chip: 

“Almost any high volume product that requires a meter 
can be made more attractive and useful with this sophisti- 
cated, low power, 3-digit DVM chip. In addition to the 
visibility and style of digital readout, the LD130 provides 
10 to 20 times the accuracy and much higher resolution than 
analog meters. 

“Moreover, the LD130 imposes none of the design 
restrictions of ‘cheap’ analog meters. Its full 3-digit range of 
+999 allows almost any variable, such as very high and very 
low temperatures, to be measured. In contrast, a person can 
at best resolve one part in 100 using an inexpensive analog 
meter. 

“Automatic zeroing, automatic polarity outputs, and 
auto-ranging outputs eliminate zero adjust potentiometers, 
switch the + sign, and allow automatic control of decimal 
points and range scaling resistors. 

“+5V CMOS construction enables the LD130 to operate 
efficiently with any standard CMOS or TTL logic. The mulkti- 
plexed BCD outputs are easily interfaced with ‘intelligent 
microprocessor-based systems. This format is also ideal for 
the widest range of digital displays. 

“Accuracy is +0.1% of reading +1 count. Accuracy is 
maintained automatically by Siliconix’ exclusive quantized 
feedback design (patent applied for) which continuously 
corrects for zero drift. This same feature has made the 
Siliconix + 3-1/2 digit LD110/LD111 DVM set the most 
widely used by designers of professional instruments and 
control systems. 


quality digi 
a cheap analog meter.” 





meter 





TEMPERATURE 
TRANSDUCER 


‘Just as important, the LD130 is easy and inexpensive 
to use. Unlike most DVMs, it requires no precision resistors 
and capacitors, no external temperature compensation, no 
dual tracking references, no operational amplifiers or input 
buffers. These have been eliminated by state-of-the-art 
chip design. | 

_ “Since only low-cost components are needed with the 
18-pin LD130, it allows complete meter/display subsystems 
to be built into products for less than $15 (1K quantities). 

“The LD130 is your opportunity to create new products 
and upgrade your present ones. Now you can build a quality 
digital meter for your system at a cost you can afford’ 

To order the LD130C] ($8.75 at 100 lot), contact our 
franchised distributors: Components Plus, Elmar, 
Hamilton/Avnet, Pioneer, Quality Components, Semi- 
conductor Specialists, or R. A. E. For more details, call or 
write Siliconix, 2201 Laurelwood Road, Santa Clara, 


California 95054, (408) 246-8000. 
$$ Siliconix incorporated 





Announcing a BiMOS breakthrough... 


The RCA 3140 


most useful op amp 
since the 741 














For the price of a 741 you get 
alot more op amp. 


MOS/FET input makes the difference. 

















Every so often a new advance greatly expands op 


amp versatility. In 1965 there was the general-purpose 702. 


Followed in 11966 by the 709, with higher voltage, gain and 
input impedance. Along came the 101 with still higher volt- 
age and gain. Then in 1968 the remarkable 741 gave you 
the added benefits of on-chip compensation and low cost. 

Now, RGA announces a new giant step toward the 
ideal op amp. The CA3140 Series of BIMOS op amps. 

It gives you the big advantages of MOS/FET 
input...p/us bipolar speed and high supply voltage 
operating cariability: 4 to 44 V, dual or single supply. That 
means very high input impedance: 1.5 TQ typ. Very low 
input current: 10 pA typ. at +15 V. Low input offset voltage: 
as low as 2 mV max. Wide common-mode input voltage 
range—can be swung 0.5 V below negative rail. In 
addition, output swing complements input common-mode 
range, permitting full utilization of low supply voltages 
(down to 4 V). And PMOS input devices are protected b 
rugged bipoleir diodes. 


| BiMOS vs. 741 
You get all of those features for the price of a 741. 
69 cents at the 100 unit level for the CA3140T, S. Plus 
big circuit savings. BIMOS minimizes bias circuitry. 
Allows single supplies in portable, automotive and 
instrumentation equipment. 


BiMOS vs. BI-FET 
_ Compared to recently announced higher-priced 
_ BI-FET types, the CA3140 offers lower input currents, 
higher input resistance, improved offset current and 
comparable offset voltage—all with high slew rate and 
bandwidth. So chances are, you don't have to pay the 
higher prices. = 
In fact, i most existing circuits using premium op 

amps, the CA3140 permits cost reductions and/or 
improved performance with minimum circuit redesign. 
And if you have an application where you ruled out op 
amps altogeiher because of cost...reconsider. The 
CA3140 is cost effective in many places where other op 

amps are not. 


Low circuitcost | 
The CA3140 needs no external compensating 
circuitry. It is characterized for low-cost TTL systems 
requiring operation at 5 Vand maintains operation down to 
4 V. Its wide bandwidth—4.5 MHz unity gain—makes 
possible low-cost video and audio circuits. For low-cost 
sample and hold and other data acquisition systems, it 


_ Offers fast settling time: 1.4 ws typ. to 10 mV. When it's 


driving power transistors, the output swings to within 0.2 V 
of the negative supply, eliminating the need for level- 
shifting circuitry. 


CA3140 vs. 741 at a glance 








: Versatile building block 

Beyond standard op amp uses, the CA3140 can 
perform in many other applications. Such as ground- 
referenced single-supply amplifiers. Sample and hold 
amplifiers. Long-duration timers/multivibrators. 
Photocurrent instrumentation. Peak detectors. Active 
filters. Comparators. Tone control circuits. Function 
generators. Power supplies. Portable instruments. 
Intrusion alarm systems. 

Six commercial versions are available: in the TO-5, 
the standard CA3140T and the premium types CA3140AT 


~ and CA3140BT; the CA3140S, CA3140AS and 


CA3140BS are the DIL-CAN versions of the TO-5. Also 
available is the chip version—CA3140H. The CA3140 
series is available processed to all levels of MIL-M- 
38510/883. 


Send for 13 useful circuits. 

To show you how useful the CA3140 is, we've 
designed it into 13 typical circuits. To get these circuits plus 
other information, contact your RCA Solid State : 
distributor. Or RCA. 

Write: RCA Solid State. Box 3200, Somerville, N.J. 
08876: Ste Anne de Bellevue H9X 3L3, Canada; 
Sunbury-on-Thames, U.K.; Fuji Bldg., Tokyo, Japan. 





RCA. Full house in Linear ICs. 


For more information, Circle No. 9 
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Letter on IEEE generates 
‘noise’ 


Dear Editor, 

This reply is directed to J. 
Hemschoot’s letter concerning 
IEEE (June 20th ‘Signals and 
Noise’’). 

Mr. Hemschoot: 

1. Unless you are a freak, you 
are one of the many Junior E.E.’s 
(i.e., less than 10 years in this 
trade) still suffering from the 4+ 
years of lvory-Tower brainwash. 
2. Let us hear from you after 
you have your M.S., your Ph.D., 
your P.E. license...say, in about 
eight years when RCA is through 
with you (up to date and 
all)....Perhaps at your layoff 
party, Dr. Hemschoot? 

As for now, Mr. Hemschoot, 
just look around your office— 
your group (not your boss)! 
How many are 


over 30—? 
over 40—? 
over 50—? 


RCA has been around since 
1920, and from 1920 to 1976, your 
age group (+3 years) represents 
hess than 7% “of. the: £265 
graduated in the USA. 

How come you only see the 
young ones like yourself? Where 
are all the over-40 chaps? 
Management? Come now, Dull 
Dillard laid that one to rest (less 
than 10% of all E.E.’s get into 
Management!). Would you care 
to try to beat the odds? (‘‘Up to 
date’ doesn’t count nearly so 
much.) Or will you have to settle 
for the same fate all your other 
predecessors got from RCA? 

Mr. Hemschoot, next time you 
need a taxi, a jeweler or a 
repairman, ask the man: ‘Are 
you my future?” 

Feerst may be your only hope! 


Sincerely, 
David M. Weigand, P.E. 
West Chester, PA 


10 


Dear Editor, 
This is in response to your note 
after J. Hemschoot’s letter (‘’Sig- 
nals and Noise,”’ June 20, 1976). 
You are correct in pointing out 
that two junior E.E.’s salaries 
equal one senior E.E.’s salary. 
But one senior gynecologist’s 
salary/income equals 30 fledg- 
ling M.D.’s or 120 interns’. For 
their sake, don’t tell the I.R.S.!! 


Sincerely, 

Paul Christi 
Senior E.E. 

IDR Corp. 
Farmingdale, NY 


Good grief! 
Dear Editor: 
The EDN news story ‘‘Is that 
really you, Charlie Brown?” 
(June 20, 1976, pg. 32) leaves the 
reader with the false impression 
that the error statistics quoted 
for the Automatic Handwriting 
Verifying (AHV) system are the 
true performance characteris- 
tics. The article omits some of 
the laboratory test results. 
Veripen has improved the 
equipment in the last two years 
and will deliver a new genera- 
tion of AHV equipment that 
incorporates features derived 
from the conclusions of the 
MITRE test. The following state- 
ment provides more detail on 
the testing of this equipment: 
“The AHV system tested by 
the Air Force in mid-1975 was the 
breadboard version of Veripen’s 
Automatic Handwriting System. 
‘In laboratory tests jointly 
conducted by Veripen and the 
Air Force in late 1974 using the 
breadboard equipment, test re- 
sults were: 
(1) False rejection less than 
1% 
(2) False acceptance (ran- 
dom) less than 2% 
(3) Forgery success less 
than 2% 
‘When the AHV system was 
delivered to the Air Force, many 
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Lilos products 


are available 
now. 


ALABAMA HUNTSVILLE 


Technology Marketing Assoc. (205) 883-7893 


ARIZONA MESA 

Nakoma (602) 834-6549 
CALIFORNIA LOS ANGELES 

The Thorson Company (213) 476-1241 
CALIFORNIA MOUNTAIN VIEW 

The Thorson Company (415) 964-9300 
CALIFORNIA SAN DIEGO 

Littlefield & Smith Assoc. (714) 277-8044 
CALIFORNIA SANTA BARBARA 

The Thorson Company (805) 964-8751 
ge es TUSTIN 

Thorson Company (714) 544-5121 

Btinem BOULDER 

RG Enterprises, Inc. (303) 447-9211 
DELAWARE 

Quay Corporation (201) 462-9606 
FLORIDA ORLANDO 


Technology Marketing Assoc. (305) 857-3760 


FLORIDA POMPANO BEACH 


Technology Marketing Assoc. (305) 942-0774 


ILLINOIS CHICAGO 

Mar-Con Associates, Inc. (312) 675-6450 
INDIANA INDIANAPOLIS 
S.A. Marketing Corp. (317) 844-7196 
MASSACHUSETTS WALTHAM 
Impact Sales (617) 893-2850 
MICHIGAN BRIGHTON 

S.A.|. Marketing Corp. (313) 227-1786 
MICHIGAN GRAND RAPIDS. 
S.A.1. Marketing Corp. (616) 942-2504 
MINNESOTA MINNEAPOLIS 
Quantum Sales, Inc. (612) 831-8583 
MISSOURI FLORISSANT 

S.A.1. Marketing Corp. (313) 837-5200 
NEW JERSEY FREEHOLD 
Quay Corporation (201) 462-9606 - 
NEW YORK NEW YORK CITY 
Quay Corporation (201) 462-9606 
NORTH CAROLINA RALEIGH 
Dean, Bob, Inc. (919) 851-2065 
OHIO BEACHWOOD 

S.A. Marketing Corp. (216) 292-2982 
OHIO CINCINNATI 

S.A. Marketing Corp. (513) 761-5432 
OHIO DAYTON 

S.A.|. Marketing Corp. (513) 277-8911 
PENNSYLVANIA PHILADELPHIA 
Quay Corporation (201) 462-9606 
PENNSYLVANIA PITTSBURGH 
S.A. Marketing Corp. (412) 782-5120 
TEXAS DALLAS 

The Thorson Company (214) 233-5744 
TEXAS HOUSTON 

The Thorson Company (713) 771-3504 
VIRGINIA ALEXANDRIA 
Dyna Rep Company (703) 354-1222 
WASHINGTON BELLEVUE 
SDR? Products & Sales (206) 747-9424 


CANADA 
CALGARY, ALBERTA 
Westronic Engineering (403) 253-5585 
OTTAWA, ONTARIO 
Datagraphics (613) 225-0411 
TORONTO, ONTARIO 
Datagraphics (416) 622-6752 


DENMARK 

SC Metric A/S 02/80 42 00 
FINLAND 

FINN Metric OY 90/46 08 44 
FRANCE BOULOGNE 

A2M_ 603-66-40 


GERMANY MUNCHEN 
Kontron Elektronik GMBH 08165/771 
ITALY MILAN 
Ezimar SPA, 
NETHERLANDS AMSTERDAM 
Tekelec Airtronic 020-92 87 66 
NORWAY 
Metric A.S. 02/28 26 24 


SWEDEN SOLNA 
Scandia Metric AB 08/82 04 00 





Contact: 


_ The Z-80 is a third generation 
_ LSI component set including 
CPU and I/O Controllers with 
full software support and sec- 
_ ond sourcing available now. 
_Assingle chip, N-channel proc- Siendara Glock 
-essor arms you with a super- Speed 
_ set of 158 instructions that : 
include all of the 8080A’s 78 
instructions with total soft- 
ware compatibility. The new 
_ instructions include 1,4,8 and 
16-bit operations. That means 
less programming time, less 
program storage and less end 
_ costs. And you get memory- 
_ to-memory or memory-to-|/O 
_ block transfers, nine types of rotates and shifts, 


Features: 


Power Supplies 


Interface 


Interrupt 
Instructions 


OP Codes 


the tide is turning in the battle for supremacy. = 


a oe 
rcs | 
Working Registers | 
[sccm 
Requires no 
other logic interrupt a 


Requires 
8222,8228 
& 8224 


and includes 
dynamic RAM § Full TTL : 
Refresh Compatibility 
3 modes: up — Upto 
a 
244 


696 


_ bit manipulation, a legion of addressing modes a 


and a standard instruction speed of 1.6usec. 
The Z-80 CPU and peripheral circuits require 
only a single 5V power supply and a single 
phase clock. With these circuits you can inter- 
face directly to a wide range of both parallel 
and serial interface peripherals and even 
dynamic memories without other external 
logic. With all these features you'll require 
approximately 50% less memory space for pro- 
gram storage and you'll get up to 500% more 
throughput than the 8080A. 
The Zilog Batallion includes a development 
system with: Z-80 CPU Card with 4K Bytes of 
ROM/RAM Monitor software ® 16K Bytes of 
_~RAM memory, expandable to 60K Bytes e Real 
Time Debug Module and In-Circuit Emulation 


Zilog MICROCOMPUTERS | 
170 State Street, Los Altos, California 94022 _ 
(415) 941-5055/TWX 910-370-7955 
AN AFFILIATE OF EXON ENTERPRISES INC. | 


AL a ene 
ProgramMemory | ore 


[oe 

| We'll support this with resident 

__ microcomputer software, time — 

_|]| sharing programs, software © 
|] libraries and high-level lan- 
_ |. ~—_ | _ guacessuchasFi/Z. 
ae sumesgreater ] 
/ than the 8080A _ 


————— | Module e Dual Floppy Disc 

__ 280-CPU_ iT System e Software Package 
7 "|| including Z-80 Assembler, 

|| Editor, Disc Operating Sys- 
_ tem, File Maintenance and 


A reserve of reinforcements 


is ready. The Zilog Z-80 brings 
|_ to the battlefront new levels 
| of performance and ease of 


programming not available in 

second generation systems. 
busy themselves with — 
re busyonthenext 

todemonstrate our — 


gen tion ahead. 


s are the specialists who were 
ble for the development of 








Whats the 
right price 
for this 

1 Form A 


bald you it ha 
uality switch and pr 
rent switch le ds 


. 2 pin spacing, is 
the most nataeatically manufac- 
_ tured dry reed relay in the whole 
_ world and is available from stock 

.from Wabash? The right price? 

I the prices are right. They're 
_ the under 25, 100 or MORE and 
25 000 prices soups 





3 ly oe to fit your 
needs and bedaet So if you'd like 
to know more, write us (on your 
letterhead) for a free sample, or 
call us for a high volume price 
quote and let us show you how, 
at Wabash, the price is always 
right. : 





f 
Wabash, Indiana 


Wabash, Inc., 810 N. Cass St., Wabash, Ind. 46922 
TEL:(219) 563-2191 TWX: 810-290-2722 


For more information, Circle No. 17 
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SIGNALS and NOISE 


of the operational procedures 
were not finalized. Chief among 
these was the proper procedure 
for enrollment. MITRE’s paper at 
the Conference illustrates how 
results can vary widely with 
operational changes. It shows 
the effect of less controlled 
enrollment procedures. When 
eight signers were re-enrolled, 
their error rate dropped from 29 
errors in 51 attempts to one 
error in 54 attempts.”’ 


Sincerely, 

Richard C. McCluskey 
Information Specialist 

Public Information Division 
Hanscom Air Force Base, MA 


More scoop on scopes 


Omitted from Associate Editor 
Martin Marshall’s June 20th 
rundown on low-cost oscillo- 
scopes was Simpson Electric 
Co., 853 Dundee Ave., Elgin, IL 
60120. Their newest offering, 
Model 455T, is a 12-MHz, 5-in. 
scope that features 19 calibrated 
sweep speeds plus TVH, TVV 
and VITS; external, internal, line 
and TV sync; internal sync 
separator for TV; exclusive gate 
output for flyback tests; 30-nsec 
time; and Z-axis modulation. 
It sells for $395 (an optional 10:1 
probe costs $18.40). 


New source of supply 


‘‘Miles/gallon measurement 
made easy with CMOS rate 
multipliers’’ by Gary Summers of 
Signetics (EDN, Jan. 20, 1976, pgs. 
61-63) proved extremely popular 
with readers. Therefore, we note 
that Quest Electronics offers a 
special components package for 


this circuit, including a digital 
flow sensor ($29.50), a speed 
transducer ($8), CMOS. rate 


multipliers ($19.95) and two 
0.50-in. displays ($2.50). Send a 
13¢ stamp to: Box 4430C, Santa 
Clara, CA 95054 for a free 
catalog. 


_ Microelectronic Packagi 


«646 SUMMER ST. 





For more information, Circle No. 18 
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Bipolar building block niniies aa 








The control element...SN54S /74S482 
Fast. Flexible. Efficient. 


TI’s new series of bipolar 
digital building blocks are 
designed specifically for 
implementing modularly ex- 
pandable, high performance 
computer or controller sys- 
tems with complete micropro- 
grammability. Build new de- 
signs tailored to your appli- 
cations or emulate existing 
designs — without loss of soft- 
ware compatibility — and with 
maximum memory efficiency. 

The ’S482 is a key member 
of this new Series. The highest per- 
formance 4-bit-slice Schottky TTL 
control element available. Use it in 
any application where bipolar 
speeds and flexible microprogram 
control are necessary. 

The ’S482 integrates a full adder, 
four-word push-pop stack, source 
select multiplexer and address reg- 
ister. All in a space saving 20-pin 
package. In addition to simple loops 
and forward sequences, the ’S482 
can be used to implement the 


CARRY INPUT 


PUSH/POP 


STACK 


{FILO} 





F’ 1 contro 2< 





Features 
e Expandable to N-bits in 4-bit increments 
e 25ns maximum address load time 
e Space saving 20-pin package 
¢ SN74S482N for 0 to 70°C applications 
¢ SN54S482J for —55°C applications 


Functions 
e Generates forward or backward sequences 
e Implements offset, vector, branch or jump 
e Stores four return or link addresses 
¢ Direct load to output register 
¢ Holds or initializes system 





CLOCK CLEAR 


powerful operations needed 
to decrement, vector, offset 
or jump (in a single cycle) to 
any address within the do- 
main of the controller. 

Subroutines can be nested 
up to four levels deep in the 
’S482’s push-pop stack and be 
retrieved in the reverse order 
of occurrence. Moreover, the 
stack can be updated without 
changing the output regis- 
ter’s contents. 

Use the ’S482 as a powerful 
next-address generator in a micro- 
programmed CPU. Or, by itself, asa 
stand-alone simple controller. 

The SN74S482N is priced at $6.30 
each in quantities of 100. Available 
now from your local authorized TI 
distributor. For a data book describ- 
ing the ’S482 and TI’s full line of 
bipolar microcomputer components, 
write to: Texas Instru- ° 
ments’ Incorporated, 

P. O. Box 5012, M/S 308, 
Dallas, Texas 75222. 


TEXAS | NST RUM EN TS For more information, Circle No. 19 
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Our new low-cost 


industrial converter products 
are standard, too. 


Standards, like that plug, make life less 
complicated. 

That’s why we're leading the campaign to 
standardize converter products. 

And the group you see here is just part of a 
growing family that starts as low as $19.50 in 
the 100-piece quantity. 

They’re on-the-shelf, for quick delivery. A new 
line of DAC’s and ADC’s for designers who can 
use standard functions. Plus thin-film ladder 
networks and a precision voltage reference to 
give exceptional design flexibility. 


These competitively priced, industry-standard 
converter products can save you engineering, 
manufacturing, and inventory time and money. 
And you have a wide selection of package types 
and temperature ranges to fit your exact 
applications. 

Learn more about Beckman-quality, Beckman- 
backed hybrids. They’ll make your life easier, too. 

For data, write or call Helipot Division, 
Beckman Instruments, Inc., 2500 Harbor Blvd., 
Fullerton, CA 92634. Phone: (714) 871-4848, 

Ext. 1776. 


BECKMAN 


HELIPOT DIVISION 
_ If you need hybrids, you should know about Beckman. 


14 For more information, Circle No. 20 
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It’s all a matter of attitude! 


How many times have you left your doctor’s office unsure of what 
illness you have or don’t have? No matter how many questions you 
ask, the answers are just indefinite or vague enough so that you 
think you understand—until you try to explain it to someone else! | 
was beginning to think there must be a course in med school 
entitled ‘‘How to talk down to your patients because they aren’t 
smart enough to understand anyhow.” 

This impression was recently shattered, however, when a young 
doctor sat me down after an examination and told me what was 
wrong (and not wrong) in a clear, definitive, understandable 
manner. He answered my questions likewise. I’ve since had similar 
experiences with other doctors, and believe me, it’s refreshing. 

So how does this relate to electronics? Very simply: It’s the 
attitude that matters. Electronics, because of natural evolutionary 
developments and especially the microprocessor, is moving into 
many previously nonelectronic markets, industrial and consumer as 
well. We will therefore have to explain our technology, products 
and systems to people completely unversed in the subject we know 
so well. 

How are you going to handle that situation? Are you going to 
explain things in the same manner that you’d present a paper at a 
technical conference or write an article for EDN? Are you going to 
talk down to these people because they’re ‘‘not smart enough” to 
understand? | hope not! 

The people you'll be dealing with are intelligent and expert in 
their own field. So why not explain your electronics wizardry in 
terms they'll understand and feel comfortable with? Use analogies, 
mechanical or hydraulic equivalents, or whatever. Keep it clear, 
definitive and comprehensible, but don’t be condescending. It’s 
challenging and can be fun. After all, the world of electronics really 
isn’t as mysterious as some make it out to be. 


Ky W): Forbes’ 


Editorial Director 
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N... a single inte- 


grated circuit, our TAD-32 (Tapped Analog 
Delay), can provide filtering with passband- 
to-stopband ratios of 40 DB or more per de- 
vice. Simple variation of the clock sampling 
rates over 5 decades will accordingly shift a 
given filter characteristic. Transversal or 
recursive filters can be constructed with over 
60DB dynamic range and linear phase. 
Tapped delays up to several hundred milli- 
seconds are possible. 

Discrete time analog 
nial | processing using charge transfer de- 
vices is a reality at RETICON. 


The TAD-32 is just one 
device in this growing family. 


We don’t just talk about 
them, we make them. 


THIS DIP 
DOES IT ALL. 


TAPPED DELAYS 
MATCHED FILTERS 
CORRELATION 
OA O) OM WO) 


a SAO 200 





“J 
® 
ETICON 
910 Benicia Avenue, Sunnyvale, California 94086 


PHONE: (408) .738-4266 TWX: 910-339-9343 
For more information, Circle No. 21 
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They created — 
new system capabilities 
with Motorola's M6800 








OHIO-NUCLEAR, INC. 


In Nuclear Medicine. scintillation cameras produce images 
of heart, lungs, even the entire body. Event-by-event 

image uniformity is essential to assure the physician that 
irregularity means disease, not instrument variation. 
Motorola’s M6800 Family generates the necessary 
uniformity and reduces service call frequency through 
continual uniformity analysis and regulation in 
Ohio-Nuclear’s 200,000 gamma events-per-second 
Sigma 410 Radioisotope Camera. —— 





HARDY SCALES 


The Model 2070 is a programmable, self-con- 
tained, data-oriented, NBS compatible industrial 
weighing system priced under $3,000. It has the 
full range of standard features and a selection of 
sophisticated optional expansion capabilities. It 
provides display, drives printers, and interfaces 
with computers and process controllers. 
Motorola’s MC6800 is the heart of the system. 










KRAUS INDUSTRIES, LTD. 


MICRO-1P, designed around the microprocessor, 
introduced a totally new concept in data and control 
systems for self-service gas stations. Most of its 
standard features for complete station control 
were previously available only as options, or 
not at all. Kraus Industries credits Motorola’s 
M6800 Family for this advanced system, and for 
keeping it price competitive. 


Motorola Semiconductor Products Inc., RO. Box 20912, Phoenix, AZ 85036 


MOTOROLA Semiconductors 
—and you thought we were just a production house 

















Interdata presents 
the first OEM 
Minicomputer Buyer's Guide 


in Memory. 


If you’re an OEM in the market for minicom- 
puters, we say let memory be your guide. 

Interdata memory that is. Especially if you’re 
interested in high performance, low-cost produc- 
tion hardware and software—in configurations 
that exactly fit your needs. You can have it all plus 
superior Interdata architecture, construction, and 
reliability. And minicomputer technology that 
gives you the competitive edge, no matter what 
quantity you buy. 

Here’s how to take advantage of these 
benefits: 


For 8KB to 16KB remember 
the Interdata 5/16. 





When you select the 5/16, you get the CPU 
built for high-volume OEM buyers, who want the 
best of both the minicomputer and microprocessor 
worlds. 

With the 5/16, you get a complete Interdata 
computer with MOS main memory on a single 
board. It includes a full 16-bit processor with 16 
general purpose registers, 114 instructions. 8KB 
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of NMOS dynamic random access memory expand- 
able up to 64KB. And a memory cycle time of 600 
nanoseconds. You also get minicomputer perfor- 
mance and upward compatibility to the complete 
Interdata family of 16- and 32-bit minicomputers 
with our standard Multiplexor Bus. 

The 5/16, Interdata’s lowest cost processor, 
bridges the gap between the mini and the micro 
with its unique new Micro Bus which helps system 
designers maximize performance while minimizing 
total system cost. 


For 16KB to 32KB remember 
the Interdata 6/16. 


With the 6/16, you get either 600 nanosecond 
MOS memory or 1000 nanosecond core memory. 
Plus superior Interdata construction and rugged- 
ness. And unmatched performance in its price 
range. 

The Model 6/16 accepts all Interdata high- and 
low-speed peripherals and is available either in an 
economic package, or in a low cost board set. 
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For 32KB to 64KB remember 
the Interdata 8/16. | 





When you select the 8/16, you get the highest 
performance member of Interdata’s 16-bit OEM 
product line. Perfect for the user who needs high 
performance capabilities, the 8/16 gives you 
register-to-register instructions in 750 nanosec- 
onds and special instructions for real-time applica- 
tions. And, it’s available in low-cost packages with 
popular options such as single and double precision 
floating point hardware. 


For 64KB to 1 Megabyte 
remember the Interdata 
7/32 and 8/32. 


|. #986 06605860 696 


If you’re an OEM interested in large memory, 
you should consider Interdata’s 32-bit line of mini- 
computers. 


For more information, Circle No. 6 








Our 7/32 is an economical machine with a 
directly addressable main memory expandable up 
to a million bytes of 750 nanosecond core. It per- 
forms either 16-bit or 32-bit arithmetic and logical 
manipulations. 


The Interdata 8/32 Megamini™ offers you an 
unequalled combination of power, flexibility and 
reliability in a compact package. It includes direct 
addressing to one million bytes. Full 32-bit hard- 
ware with performance enhancers such as dual 
instruction look-ahead stacks. Multiple register 
sets. Writable control store. Interleaved 32-bit 
memory. And fast, floating point hardware. The 
8/32 delivers performance characteristics you'll 
find only on large scale, more costly computers. 


For 


OEM minicomputers 
remember 


Interdata. 


Even before you decide on a minicomputer, let 
Interdata field sales engineers and systems 
analysts help you plan your computer-based prod- 
uct. Our ready-to-use, packaged development sys- 
tems are designed to help you get your product to 
market early. The entire Interdata family of hard- 
ware products includes a broad range of periph- 
erals ideally suited for the OEM. In addition, Inter- 
data offers a family of software products designed 
to deliver a dynamically balanced framework for 
running your application programs. 


Remember, with Interdata you get high per- 
formance, low-cost production hardware and soft- 
ware—in quantity configurations that exactly suit 
your requirements. And it’s all backed by Inter- 
data’s unique Computer Life Support program. 
Send for more information about Interdata’s OEM 
Minicomputers. Or call us. When you remember 
Interdata, we remember you. 





Ww EE pA LA 


Interdata, Inc. 

Subsidiary of PERKIN-ELMER 
Oceanport, N.J. 07757 

(201) 229-4040. 


Interdata and Megamini are trademarks of Interdata, Ine. 
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The Component Rush. 


It’s a well-known fact from the east coast to the 
west coast that the Corning boys can out-ride 
anything in sight. 

Any day of the week, you can hear O!’ Whip 
Resistor regaling youngsters like The Minitan Kid 
with tales of Corning’s legendary speed, even 
oe The Great Resistor and Capacitor Pinch 
O 


There’s a glint of steel in the resistor’s eye as 
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__ GREAT MOMENTS I! 





he leans close to Minitan and says: ““You know, 
Kid, you don’t get your spurs just by being good. 
You gotta be fast, too.”” Whip leans closer. “‘Our 
customers expect us to be good and they expect 
us to be fast. And Kid... we are. . . always.”’ 

You could hear a pin drop in the Bar-C 
bunkhouse. Then O? Whip cracks a toothy arin 
and slaps Minitan on the back. 

What the boys don’t always talk about is 
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PONENT HISTORY 











what makes them so fast on the draw. We back — and miniature tantalum capacitors and you need 


up our distributors’ extensive inventories witha — ’em fast, you get ‘em fast. 
huge, separate, off-the-shelf stock. If a Corning Savvy? 
distributor runs short of something you need, it’s Corning Glass Works, Electronic Products 
a pronto from our Corning distributor Division, Corning, N.Y. 14830, (607) 974-8692. 
warehouse. aie 
At Corning, ‘‘fast” is carved in stone right Next: The Statue of Reliability. 
alongside ‘‘good’’. So when you need Corning 
metal film resistors, glass and ceramic capacitors CORNING 


For more information, Circle No. 22 
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‘Large, bright, easy-to-read LED display 
High reliability LSI design 


New from Weston. The 2460 Series digital panel meters. An inno- and performance. Single ended or balanced differential input— 
vative line of meters that combines the best in semiconductor and completely floating, with isolated systems interface. Industry 
display technology for all 3% digit applications. The result is standard pin connections to assure multiple sourcing and simple 
better performance, better reliability, and better price. In fact, you retrofit requirements. All of these outstanding features are pack- 
can now get the best in Weston DPM performance at a price of aged in the popular and industry standard Weston DPM case, re- 





only $80. * quiring only seven square inches of panel space. 
The unique Weston two-chip LSI circuit design in the 2460 Series The 2460 Series is available in six models that include both AC 
reduces the number of components. This provides added reliability line and DC powered units. 


late Mu acd | ekomm Commeie | @uovel-) Cuma Vare Mh A'(-1-1 (ola Mmar-towmelelaloMi an ditarelel an-t- (ela lilel ale 
idaTcwmelUh Cs} Clave |iare Mm es at-1e- (ea (cl ars) ((er-mme) mi CoMm or-0C1a) (cre Wms DIUT-| Ms) (0) ol-mm Ole) a 
version** method of circuit design for long term stability—an in- 
dustry acknowledged superior method. 


Ask your distributor for a look at the 2460 Series. It will improve 
your equipment’s performance and reliability while it saves you 
money. Or, write direct to Weston for additional information. 
Weston Instruments, Inc., 614 Frelinghuysen Ave., Newark, NJ 07114 
This LSI feature alone makes the 2460 Series a good buy. But 
Weston took it one step further. We replaced the gas discharge 
display with an LED display. Better reliability. And—our LED hap- 
eyed avows Com olowr- Melle -lalemelate|a)ae noe 


This is the basic story on the new 2460 line of Weston high reli- WESTO a G) 
ability/low price meters. The rest of it is basic to Weston quality 


*In Continental U.S. in O.E.M. Quantities **U.S. Pat. #3,051,939 For more information, Circle No. 23 


Canada: 1480 Dundas Highway, Mississauga, Ontario 
Europe: Ingolstadter Str. 67a 8 Munchen 46, W. Germany 
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Lightwave communications—a system 


for high-density data transmission 


Nearly 50,000 telephone calls 
carried through a cable only a 
half-inch in diameter—this is the 
potential of a new communica- 
tions system that uses tiny lasers 
to transmit calls over cables of 
hair-thin glass fibers. Presently 
being evaluated in a simulated 
field environment at Western 
Electric’s facility in Atlanta, GA, 
the prototype system is yielding 
valuable information that will 
help prepare this new technolo- 
gy for final design, manufacture 
and installation. 


Status of splice of light is checked by technician in manhole adjacent to laboratory 
facility. This splicing technique is one of several being evaluated for possible future 
field use. Cable emerges from duct into manhole, is spliced, and then looped back 
into the duct for termination inside the lab. 


You start at the source 


Specially developed GaAlAs 
lasers are used as the light 
source in the experiment. These 
lasers send IR light signals into 
the fiber cables (lightguides) ata 
wavelength of 0.82 microns at an 
average power output of 500 
wW. Room temperature lifetime 
for the lasers, supported by 
measurements at elevated tem- 
peratures, is predicted to be 
greater than 100,000 hours. 

Each laser is part of a 
transmitter module that includes 








Pilot production line for making fiber 
lightguides is already in operation at 
Western Electric’s Atlanta facility. High- 
silica-content glass rods are prepared on 
a glass lathe (glowing area in upper 
right), softened (upper left) and then 
pulled into hair-thin fiber lightguides by 
equipment shown in foreground. 


a modulator circuit which pro- 
vides 44.7M bits of information 
per second. The module also 
includes a feedback circuit that 
compensates for the effects of 
temperature variations normally 
encountered in telephone com- 
pany use. : 


Then go down the cable 


The fiber lightguides, made of 
low-loss silica glass containing 
controlled amounts of other 
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oxides, are a versatile multi- 
mode graded-index type that 
can be used with either a laser or 
LED light source. Coated to 
protect against humidity, abra- 
sion and losses due to bending, 
the lightguides are formed into 
flat color-coded ribbons. A 
dozen of these ribbons (each 
containing 12 fibers) are en- 
closed in a cable that minimizes 


ions and protects individual 
fibers against damage in field 
use. 

Average signal loss in the 
fibers (measured after cabling 
and installation in ducts) is 6 
dB/km (10 dB/mi.). This figure 
indicates that the light pulses 
could be transmitted 7 km 
(about 4 mi.) before regenera- 


transmission 





moneys worth 
from your R10, 


W67 AZ420 62 


V230-type 
relays. 
[] More than 312 types to 


choose from? 


L] Lower pull-in voltages 
due to improved cam 
action? 


If you didn't make 100% on the 
quiz, it’s time to improve your 
score by specifying Type 24/25/26 
miniature relays from ITT Com- 
ponents Group. With Types 
24/25/26 youcan say ‘yes’ to 
every test question, and because 
these relays are the most eco- 
nomical choice on the market, 
they deliver the most for your 
money. 

Whatelse do they offer besides 
economy? Efficiency. Their im- 
proved cam action gives greater 
magnetic efficiency that results in 
lower pull-in voltages. Every 
single part of every relay has 
been assembled automatically to 
insure greater uniformity. And 
we will 100% computer test to 
your specifications at no extra 





losses and cush- 


If you cant say yes to all these 
questions youre 
not getting your 


tion is required. 


At the receiving end of the 


Type26 fs 
6FormC * 
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[} 100% computer tested to 
all specifications? 


[]} Automatic contact ad- 
justment for reliability & 
repeatability? 


charge. 

Variety is another plus. We 
have more than 312 types avail- 
ablein2 Form C, 4Form C, and 6 
Form C, and you can choose sin- 
gle, bifurcated, or heavy-duty 
contacts. 

In form/fit/function, you ll find 
Type 24/25/26 relays can take the 
place of what you re using now. 
For all communications applica- 
tions, especially CB, they will do 
the job better for less. 

Boost your score. Say ‘yes to 
the better alternative. Call Bob 
Scanlon at (617) 688-1881 for free 
samples & detailed specs, or 
write him at ITT Components 
Group, 1551 Osgood St., North 
Andover, MA 01845. 


pede bal i 


When you need relays, our better alternative will be your first choice. 


For more information, Circle No. 24 
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The modular design, which leads to easy 
installation and handling, is evident on 
the transmitter circuit board being 
removed from equipment bay. Laser 
light source is in the lower black box and 
all its control circuitry is in the upper 
box. 


cable, a silicon avalanche photo- 
detector converts the light 
signals to electrical signals. This 
detector is part of a receiver 
module that also contains the 
circuitry necessary to process 
the signals for transmission 
through a nationwide network. 


It’s far more than a theory 


Test results indicate that the 
system could go on-line today. 
Initial applications would likely 
involve the transmission of 
digital information between 
metropolitan-area switching 
centers. Underground-cable 
duct space is already limited in 
such areas, and digital transmis- 
sion is already used quite 
extensively. Most importantly, 
distances between adjacent 
switching centers is usually less 
than four miles. Lightwave 
communications systems will 
not require any repeaters in 
such applications. 

Ultimately, the lightwave sys- 
tem may be used throughout the 
entire telecommunications net- 
work. Since lightguides are not 
affected by electrical interfer- 
ence, lightwave systems offer a 
big plus factor for carrying large 
quantities of data over short 
distances in “noisy” environ- 
ments. Bringing new types of 
visual communications services 
into business locations, as well 
as private residences, is still 
another possibility of this new 
technology.— TO 
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The counter system 
that stays on top of your needs 


and under your budget. 














The heart of HP’s versatile 

9300 Measurement System is 
a sophisticated mainframe 
which contains counting 
circuitry and display. Snap it 
onto the bottom module you 
need and it instantly becomes 
one of eight feature-loaded 
instruments. The 5300 basic 
modules include: 

e six and eight digit mainframes 

e frequency counters to 1300 MHz 

e universal counter/timers with 


02504B 


HEWLETT ,np; 


BAAPLE RATE 
PLUSH 1D REBET 
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©. 
HOLD 


$300B MEASURING SYSTEM 


POST: 


ton 


CHAN AB ¥ip 


ores & BA OB 


j BS a ts is 
(2 5308A 75MHz TIMER/COUNTER 





time interval averaging to1nsec. 
e a high resolution counter 
that reads 60.0000 Hz in 1 sec. 
e digital multimeter/counter for 
ac-dc volts, ohms and frequency 
e snap-between capability can 
be added at any time, including: 
— battery pack for portable 
operation 
—Dto Aconverter for analog 
outputs 
— HP-IB interface for flexible 
data acquisition systems. 





1501 Page Mill Road, Palo Alto, California 94304 


For more information, Circle No. 25 
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Once you have the main- 
frame, it’s the low cost way to 
build a complete workshop of 
first-line instruments, the one 
system that really does stay 
on top of your needs — and 
under your budget. Prices start 
at $460* for a mainframe; 
$225* for a module. 

Send for a free detailed 
brochure on HP’s 5300 Series 
Counters. 

*Domestic USA prices only. 


PACKARD 


Sales and service from 172 offices in 65 countries. 


For assistance call: Washington (301) 948-6370, Chicago (312) 677-0400, Atlanta (404) 434-4000, Los Angeles (213) 877-1282, Toronto (416) 678-9430 
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Computers fall in step and join the 
exodus from inner-city to suburbia 


Traffic-control computer sys- 
tems have been employed for 
many years, but for the most 
part only in cities. Now, for the 
first time, computerized traffic 
control has been implemented 


* on a supraregional level—in the 





Rhine-Main highway network of 
the Frankfurt, Germany area. 

A Siemens traffic-control com- 
puter is the heart of this trial 
system. The unit interprets 
traffic-volume data and, when it 
finds certain highway sections 


Analogic’s | 
single chip DPI 
serforms! 


Yes, indeed, for ove 
AN2538’s have bee 
“single-chip”, bipo 
60,000 hours. That’ 


Manufacturer of DI 
e LOW POWER; 
CURRENT; ( 
course ata 
e HIGH RELIAB 
ACCURACY (0.05 


26 


For more information, Circle No. 26 








Computerized traffic control on a 
supraregional level is being realized for 
the first time in a trial system set up on 
highways between Frankfurt, Weisbaden 
and Darmstadt, Germany. The photo 
shows a variable relief-route sign being 
changed by the central computer. 


carrying unequal volume, oper- 
ates variable relief-route signs at 
highway interchanges. By heed- 
ing the signs’ advice, motorists 
can bypass overloaded highway 
sections and avoid congestions, 
loss of time and accidents. 


Simple yet sophisticated 
Essentially, the computerized 


system consists of four compo- 


nents or subsystems—variable 
relief-route signs posted at 
highway interchanges, detectors 
for real-time traffic-data collec- 
tion, a transmission system and a 
control center with a Model 
16030 computer. 

The detectors, embedded in 
the roadway surface, send a 
significant amount of informa- 
tion back to the control center. 
In addition to vehicle volume 
and speed data, they also 
differentiate passenger cars 
from trucks. This vehicle dis- 
crimination is important in those 
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SOMETHING NEW for the 
Efficient World of High Frequency Power Switching! 








OK, you Power Schottkys, 


the heat’s on. Talk! 













These new TRW Power Schottkys have quite a 
Story to tell anc it starts with the fact that they're 
JEDEC registered. Then they’ll tell you that they 
let you maintain 50 Amps—typically 0.55 Volt for- 
ward drop at a 1j of 125° C. The highest operating 
junction temperatures, lowest reverse leakage 
typically less than 200mA @ 40V, 125° C, and 
highest voltages on the market today. (Yet, for all 
that, they're competitively priced.) 


Yes, TRW'’s Schottky Diodes are now1N registered. 
And they're about to be JAN and JANTX qualified. 


Let these new Power Schottkys take your heat, try 
one in your present circuit or in the circuit you’re 
working on, you'll find out they’re not just talk. 


1N6095 25 AMP SOV DO-4 
1N6096 25 AMP 40V DO-4 
1N6097 50 AMP SOV DO-5 
1N6098 50 AMP 40V DO-5 


1N6098 


OO ot er 
OLS a ee ee 
BAN SRS ORS asi; ey SE Se: 


04 
VF-Volts 
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lf you'd like to hear more about how TRW’s Power 
Schottkys can help you in the design of low- 
voltage, high-current power supplies, call John 
Power at (213) 679-4561. Or use the coupon. 
(These components are available from stock from 
our distributors. ) 


eee ano ST ea a 
TRW Power Semiconductors EDN 
An Electronic Components Division of TRW, Inc., 
14520 Aviation Boulevard, Lawndale, California 90260 


(_] Please send me data sheets on TRW’s 
Power Schottky Diodes 


{_] Have a salesman get in touch with me 


Name 


Company Name 


Address 
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| 
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cases where traffic must be 


diverted onto routes with uphill 
gradients. 

Back in the control center, the 
received traffic data is processed 
and displayed (in a consolidated 
form) on both a video display 
and a mimic diagram. When 
these indicators show sections 
of a highway carrying excessive 
traffic volume, a traffic-rerouting 
program, which controls the 


variable relief-route signs, be- 
gins operation. 

Along the highway, the route 
signs are located in groups of 
three—two advance and one 
main sign. Signs within a set 
change consecutively, rather 
than simultaneously, at a rate 
determined by the average 
vehicle speed prevailing on the 
respective highway section. This 
procedure minimizes the num- 


Dish it out. They can 
take it beautifully. 


When your customer takes your equipment into the field, be 
prepared for the worst to happen. 

IDYol aia an 1-¢- ones at-lalerstsoam Col incomes) oloialar- Wale) ame) and iaal-mr-lalemaaelar-ay 
designing your equipment. Your customer has invested in the 
results you promised him. And the extra strength, quality and 
reliability of a Zero Ox-vaiiUlalolabmar-lUlaalialelaakerclaaslaleker-tioker-lamanier-10 
rdalsmellacsiasialerse els 0 Aso) aiove [01] elaaicialacie evestmelmaicllel ace 

VVAL Gaim datsume [fsitlavea dh Zomme [eele Wm Lele) ¢cmme) mr- WA] com Ox-landvl ale) ammer-ts1— 
going for you, most people just naturally seem to treat your 


revo ]01] o)aatsyaham ol=18¢<) eum 310 ham ce) am calek-(-mn tal L ane lolame 
Zero Centurion cases will take all the abuse 


idaloa’mer-lame | iamelele 


The anodized silver “Elite” line and the tex- 
Ulacte Me) Osta cll Ulllalswarslacirs\\cclitclelismlamercmcitclaler-ice 


sizes for two week delivery A.R.O. 
Y=) 10 ie) anvZele| mai asiomer-lt-llelemceler-\A 


| 
i 
' 
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Burbank, CA 213/846-4191 - Monson, MA 


The Final Touch 





sarwater, FL 813/531-8991 


Call me, I’m interested, Circle No. 12 
28 For Mail Catalog, Circle No. 13 








Current traffic situation is shown on a 
wall-size mimic diagram located in the 
system-control center. This diagram also 
indicates the current status of various 
relief-route signs installed at several 
highway interchanges. 


ber of motorists that might 
receive contradictory rerouting 
recommendations. 


Humans still in the loop 


Since this trial system is 
breaking new ground in the field 
of traffic-control engineering, 
much remains to be learned. 
System performance, though 
promising, is not fully automatic 
yet. For example, the computer 
does not presently have direct 
control of roadside signs: It 
outputs data relevant to the 
rerouting decision and then 
waits until an operator examines 
and approves the decision 
before it changes those signs. 
When sufficient knowledge is 
available concerning this traffic- 
control philosophy, the system 
will be converted to fully 
automatic operation.—TO 
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We got the order a few hours ago. 
The relays will be there 
a few hours from now. 


Our customers think we’re "bout the fastest 


there is when it comes to shipping relays. 
This order was extra hot so we got it out in a 
matter of hours. But we frequently ship orders 
in 24 hours. And, we can generally promise 


production and shipment of any order is 360 
hours (3 weeks). 


_ We're fast—but we're also something else— 


good. We make our own switches so we know 
what our relays will do. But just to make sure, 


we run over 3 billion test cycles every day! 
We make over 6000 variations of dry reed re- 
lays so we undoubtedly have what you need. 


And the cost? Well, you better call and get a 
quote to believe it! Here in Wabash, money 
goes a lot further than it does in the big city. © 
We know because we get to the city every so 
often—though not as frequently or as fast as_- 
our relays do. 


@ 8 &@ @¢ @ e® & © 8 & & 


The Econo-Miser. The most 
Tuicolsetelalercli LVM antclalti cle ttt aste| 
dry reed relay available. 1 and 
2 pole standard types. Less 
than one dollar in quantity. 


f 
Wabash, indiana 


and Huntington, Indiana; Farmington, Missouri; 
Tipton, Iowa and South Boston, Virginia 


For information and quotes write or call: 


Wabash, Inc., Dept. RB-4, 810 N. Cass St., Wabash, Ind. 46992 Tel: 219/563-2191 TWX 810-290-2722 
For more information, Circle No. 27 











Automate 
your instruments. 


Our new 


computing controllers 


make the connection friendly. — 


The new HP 9815 and HP 
9825 computing controllers 
make interfacing practical and 
inexpensive. If you haven’ t 
automated your instruments 
yet, hook them up to one of 
these HP controllers and up- 
grade your system’s perform- 
ance. You'll get results and 
reports faster and easier. In- 
crease your system’s through- 
put. Control variables in 
real-time. Free yourself frorn 
manual readings, adjust- 
ments, and calculations. 

No matter what your inter- 
facing requirements are— 
simple data logging, dedicated 
instrument control, data corn- 
munications or large-system 
integration—you'll find these 
controllers can save you time 
and money while increasing 
your productivity. 


Interface cards and 
simplified programming 
make interfacing easy. 

You can choose from the 
commonly used interfaces —- 
BCD, bit-parallel/byte-serial, 
RS-232C, or HP-IB (the inter- 


face bus that conforms to 
IEEE Standard 488-1975). 
You simply connect your 
instrument or black box to 
the cable of the appropriate 
HP interface card and plug 
the card into the controller. 
Then, using simple high-level 
commands, you program 
the computing controller to 
monitor and control your in- 
struments and analyze the 
data. You don’t have to hire 
a computer programmer to 
set up and use an automated 
instrumentation system. 
That’s the friendly, direct 
approach to interfacing. 


The HP 9825: 
unexpected power 
for systems control 


Though the 9825 retains the 
friendliness and programming 
simplicity of a calculator, it has 
the power and performance of 
a minicomputer. Features 


like vectored priority inter- 
rupt, buffered I/O, live key- 
board, and direct memory 
access allow it to do several 
interfacing jobs simulta- 
neously: transferring data and 
commands, accepting inputs, 
analyzing data and printing or 
plotting results. And the 
9825 can run application pro- 
grams and solve keyboard 
calculations at the same time. 
Using HP-IB, it can control as 
many as 42 instruments and 
peripherals at once. That’s 
big system performance. 


Let an HP 9815 
supervise your instrument. 


The 9815 at a base price of 
$2,900* (I/O option andinter- 
face cards/cables extra), is 
the inexpensive alternative to 
manual monitoring of an in- 
strument or small system. 

It can even run control appli- 


cations unattended. And it 
can handle a variety of so- 
phisticated compuations as 
well. Truly, the 9815 pro- 
vides a lot of performance 
for the price. 


Improve your system 
and become more 
productive, too. 


No matter what kinds of instru- 
ments you use—scanners, 
counters, spectrometers, 
meters, converters, chromato- 
graphs or your own black 
box—an HP computing 
controller can help you utilize 
them and their outputs more 
effectively. And in the process, 
free you for more produc- 
tive, creative work. 

We have a brochure that 
details the features and 
techniques of simplified inter- 
facing using HP computing 
controllers. Call your local HP 
representative for your 
copy, or circle our number on 
this publication’s reader 
service card. 

*Domestic U.S.A. price only 


406/10 


HP computing calculators put the power where the problems are. 
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Sales and service from 172 offices in 65 countries. 
P.O. Box 301. Loveland. Colorado 80537 


For more information, Circle No. 28 
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Ceramic 4 11 © PRINTED CIRCUITS 
Electrolytic : 
aluminum 5 10 Multilayer 4 7 =e 
tantalum 4 3s Ff Two-sided 4 6 % 
oe fh TSO mete 4 #11 © 
metal case 5 0 « eel nae cS 
non-metal case 4 11 RELAYS 
Mica 3 9 
Paper 3 7 on Crystal can 3 8 os 
Trimming 4 9 te General purpose 3 7 s 
: i 4 Reed 3 Fs} on 
, solu-state «38 
Coaxial 4 9 @ Stepping 3 8 © 
_ Multipin circular | _ Telephone so ee 
high-density 5 12 64 
aiandard A ee eg RESISTORS, FIXED 
Printed circuit 4 8 te Composition 3. 6 ~. 
. Rack &panel 4 9 a Dep. carbon & carbon-film 3 7 
| : | | Metal-flm 2 7 + 
5 10 * ne 6 ok 
: | RESISTORS, VARIABLE 
INTEGRATED CIRCUITS 
: nyt 3B = non-precision so  & * 
ec: §&§ 8 precision s 6&6 + 
TTL 3 9 > trimmers 3 8 
mOS 3 82 «a Wirewound it 
CMOS 4 11 non-precision Ss @ * 
Op amps (monolithic) 3 8 precision 5 8 *€ 
Voltage regulators 4 8 | trimmers 3. 8 oe 
Benes iain 2 6 = sdeeeasiatncos ae inate St 
MEMORY ICs . Powerrectifiers 3 7 # 
Bipol aR Power transistors 3s ft - 
cAbs Ss . SCRs&triacs 4 7 @ 
Mi hes 3 8 "Silicon switching transistors 3 7 = 
, : 3 - Switching diodes 3 7 = 
iter: {e) 1: {elei -t-10] 21.) _.... geners $3 ¢€ f& 
Bipolar 4 8 = SWITCHES — 
| Mos 3 6 # pusiialing 3 
Lighted pushbutton 4 10 @ 
, _. | Pushbutton 3 7 # 
A/Dconverters 5 10 o : Rotary 3 ¢ a4 
D/Aconverters 5 10 @ | Snap action 3 7 @# 
Instrumentation amps 5 11 @ . 
Sample/hold amps 5 11 ,s os 


_Leadtimes are based on recent figures supplied by a select group of Electronic Business magazine's readers. The figures are averages and 
_ represent the time necessary to allocate manufacturing capacity to build and ship a medium-sized order for a moderately popular item. | 
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ANALOG 
DEVICES 


When we designed our new line of sec- 
fe) alemme(=ial=1g-1e(e] alee) (e]it-1 mm ey-lal>) man(si(21ecmm (>) 
'ay-\o-Mei(-r-lme) e)(-1e1 0h Mamanlialen 

Give our customers less of everything. 
Less of everything they don’t want in 
~DPMs, and more of what they need. 


Less confusion. 

Like less confusion finding the exact 
DPM they require. With six different sec- 
fo) ale me(=1ai=1e-1e(e)an Bl ea\"/(ou ial ec\otamoh’ 4B) On (ele | [om 
powered and three AC line-powered) we 
have the biggest selection available. And 
each of them benefits from advanced 
MOS/LSI circuitry, 3%, 42 or 4% digit 
large LED displays, a full week of failure- 
free, power cycled burn-in, lower power 
(ofe) ai-10 100] 6) tlelak-lale mle), -1 mere 16 





Less components. 
But let’s not talk in generalities. Let’s 
talk specific Analog Devices DPMs where 
less is a plus. Take our 3% digit 5VDC 


Model AD2021 for example. Through the 
use of MOS/LSI circuitry, we’ve been able 
icomels) ai tat-Walelan)el-1 ae) mere)anlelela(- al miami ae) 
42%. And in doing so, chopped power 
consumption by 42%. Decreased the 
number of interconnections adding to re- 
liability. Reduced its size to 3’W x 1.8"H x 
5/2014 B mee .\a 0 aco | co) 0) e1-ve Mmm | (mn (-1(¢ 10) Gm COC 
ounces. That’s why logic power is your 
logical choice for compact instrumen- 
tation. Our line-powered version, AD2016, 
offers similar advantages, in its industry- 
FeYoxex=1 0) (210 Wa Ors 010) -1 0-10 W 0)=(01,¢-10 Lo 


Less difficult to read. 
Digital panel meters should be easy to 
read. Get a glimpse of our logic-powered 
43%4 digit AD2028 and line-powered AD- 


2025. Like our other second generation 


Analog Devices DPMs, they have displays 
ifetelavlalavemm oylemmalielapeiaic-iaciisvamem ile |alcs ¢)] eam 
LEDs almost twice the size of earlier ones. 


Less cost. 

With so much that’s improved, Wel0 Me) 
expect to pay more for our latest DPMs. 
Surprisingly, that’s not the case. Our 
logic-powered 4% digit Model AD2027 
and line-powered Model AD2024, for in- 
stance, are priced 40% lower than their 
first generation predecessors. 





Less is more. 

When is less more? When you specify 
Analog Devices new line of second gen- 
eration digital panel meters. The real 
company for precision measurement and 
control. For complete facts, get the De-. 
signers Guide to DPMs. Analog Devices, 
P.O. Box 280, Norwood, Mass. 02062. 





ANALOG 
DEVICES 


The real DPM company. 





East Coast: (617) 329-4700, Midwest: 
(312) 894-3300, West Coast: (213) 595- 
1783, Texas: (214) 231-5094. Belgium: 
03 38 27 07, Denmark: 97 95 99, England: 
01/94 10 46 6, France: 686-77 60, Ger- 
many: 089/53 03 19, Japan: 03/26 36 82 6, 

Netherlands: 076-122555 and crea 
tives around the world. 








For more information, Circle No. 29 
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Microprocessor provides one-button 
liquid-scintillation counting 


‘A key advantage of using a microprocessor in a 
scientific instrument is the operator interaction it 
allows. Being able to communicate with the unit 
keeps the user from thinking it’s a magic box and 
hard to understand.’ So notes Whitney A McFar- 
lin, engineering manager of the Scientific Instru- 
ments Div. of Beckman Instruments. This division 
is now shipping its first microprocessor instru- 
ments, the Series 8000 liquid-scintillation system. 


Catching villainous vintners 


Liquid-scintillation counters are used by bio- 
chemists to label biologically interesting radioac- 
tive tags, especially tritium and carbon 14, that 
occur in organic compounds. Typical applications 
include cancer research, carbon dating and 
criminology. Liquid-scintillation counting is also 
used to detect winemakers who lie about the age 
of their wine: French government scientists track 


the radioactivity of atmospheric water (depen- 
dent on nuclear testing) and, since a year’s rainfall 
provides a major component of wine, thus 
determine in what year the wine was made. 


USER INTERFACE 


KEYBOARD 
DIGITAL 
DISPLAY 

PROJECTOR 


("7777 7” 7 
Lo 


SAMPLE COUNTING 


WINDOWS 


CHANGER 





PROCESSOR AND 
MEMORY 


INSTRUMENT CONTROL} AND DATA ACQUISITION 


SUMMING 


One-button answer machine 


Whether searching for cancer cures, crooks or 
cavemen, the user of the new Beckman LS system 
finds his job easy. He simply inserts a sample in 
the chamber, enters an identification number 








Beckman liquid-scintillation counting system uses a uP for 
simple operation. Prompting instructions to the user are 
presented in an easy-to-follow slide display being patented by 
Beckman. 


ON-LINE 
DATA 
REDUCTION 


MEMORY 
(12k) 


PROM/ROM 
RAM 


MEMORY 
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AMP 
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Basic scintillation system is controlled by the Intel 8080 microprocessor. On-line data reduction is an optional feature that requires 


extra semiconductor and cassette memory. 
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and the machine tells him what to do next by 
activating an innovative’ slide-projector 
prompting display. A decimal keyboard plus 
labelled push buttons are then used to enter 
requested parameters. 

This form of data entry and display is relatively 
inexpensive and much simpler to use than the 
traditional teletypewriter or a vast array of push 
buttons, yet gives substantial information in a 
schematic form. The slide projector operates 
from a stepper motor driven by the pP. 

The Beckman microprocessor system also in- 
cludes 10 prewritten programs that can be called 
up either by the keyboard or a mechanical 
selector placed in the sample chamber; the user 
can even hide all switches except “automatic 
count” under a panel for one-button operation. 


Complications are optional 

If desired, counting programs can be edited 
from the keyboard, but the originals stay in 
memory. A separate TTY or Texas Instruments 
Silent 700 terminal can also be used for program- 
ming. A calculator-type digital printer provides 
the usual hard-copy output, with analog gas- 
discharge or digital display depending on the 


model. A cassette drive is needed for the full 
computing system. 

Designers of this system opted for the Intel 
8080; they had earlier worked with the 8008, even 
writing an assembler since the Intel MDS system 
didn’t exist at the time. Now they use an Intellec 
80 for preliminary debugging and burn-in. 

For servicing their Series 8000 LS system, 
Beckman has developed a test-control box that 
plugs into the motherboard, thus providing their 
microprocessor instruments with an equivalent of 
the familiar Intellec 80 panel. The system also has 
built-in diagnostic programs that automatically 
check out the unit when power is turned on or 
the auto-count button is pushed. There is even a 
single push button that automatically calibrates 
the entire system. 

Finally, in true wP fashion, users can interrupt 
any sample batch during counting and perform 
virtually any desired task. After the interruption, 
the Series 8000 will automatically return to the 
sample that was interrupted and continue count- 
ing. This group is obviously sold on microproces- 
sors and has a number of other uP projects in the 
works. 1 


Custom uP eliminates pitch distortion 
when changing playback speed 


What happens when a taped voice plays back at 
twice its recorded speed? Ordinarily, the voice 
sounds like Donald Duck huffing and puffing ina 
real panic. But Lexicon, Inc. of Waltham, MA has 
developed a patented technique that uses a 
custom microprocessor to drop Donald’s pitch to 
normal even though the recording still plays at 
double its original speed. 

Available on a 3.5x5-in. pc board, the Vari- 
speech Model 20 pitch shifter and speech com- 
pressor/expander is the first device that can 
perform this function electronically in real time, 
without pitch distortion or loss of speaker identi- 
ty. Some applications of this module are 
obvious—one can speed up the tape of a dull 
lecture or slow down the recording of a detailed 
technical discussion. Other applications are limit- 
ed only by the imagination of the OEM. 

Systems in development include one that 
corrects “helium-speech” in a deep-sea diving 
bell, while another, originated by the FAA, slows 
down the panic-garbled speech sometimes found 
on aircraft flight recorders. 
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Many applications use pre-recorded data, often 
a tape-recorded voice. The user controls the 
speed of the tape transport and thus determines 
the sampling rate—a faster tape input means 
more data must be sampled. A sample/hold 
retains the data until the DAC (multiplexed for 
both input and output) is available to digitize the 
input. After using a successive-approximation 
routine hardwired in the wP, a 512-word RAM 






Intended primarily for OEM applications, the Varispeech Mod- 
el20 module resulted fromthe development of a complete 
cassette recorder that included tape-transport and _ signal- 
amplification systems. 


EDN SEPTEMBER 20, 1976 





The Most POWERFUL 8080 or 6800 





Microcomputer Development Sy 





OM eMsatlitaertraeitlenitecyenmpncsaecavdenntais 
system allows you to accomplish your design task 
quickly, efficiently, and at a minimum cost. 


MICROKIT has the powerful microcomputer 
development system you need. _ 


OTHER SYSTEMS OBSOLETE 


The MICROKIT-8/16 has a unique CRT. display refreshed 
directly from the microcomputer memory so it can write the 
full 960 character screen at 20,000 cps, faster than the blink- 
of-an-eye. Using the fast CRT, our interactive debugger 
gives you full screen hexadecimal memory dump displays 
instantaneously. With this kind of fast system response, 
debugging is a snap. 

To match our fast debugger we have a screen based editor 
that is quickly learned and easy to use, because it lets you 
see the changes you make instantly and in full context on 
thie CRT display. Rounding out our outstanding software 
package is a complete microcomputer resident assembler. 


Any system without a display as fast as ours and without 
software like ours cannot possibly match the powerful de- 
bugging and editing features we offer. 


EVERYTHING FOR $3,850 


But how is it that the MICROKIT-8/16 has everything (key- 
board, display, tape units, and software) included in the 
basic price? We keep your cost low by using a standard 
television set for the high-speed display, and by using 
audio cassette units for mass storage. And with MICRO- 
SGM csi ©) 0) ©) 411 ¢- 10am c=vexe) co) | avon (-Ye1a)al(o[0(-rum’ZelU ime (-) ane r-\¢-Wac-1IT-le)] 
ity comparable to digital cassette units while data is trans- 
ferred to the casettes at the rate of 2000 bps — 20 times 
faster than TTY paper tape. 


BOTH 8080 AND 6800 | 
The MICROKIT-8/16 can be ordered as either an 8080 or a 


6800 based system. At $3,850 either system is the best buy 


in microcomputer development systems today because they 
both include the 8K memory, the display and keyboard, the 
two audio cassette units, and the full complement of devel- 
opment software — debugger/monitor, editor, and assem- 
bler. Furthermore, either system can be easily switched to 
the other processor with our conversion packages that 
consist of a plug-in processor module and software. 


FULL LINE OF ENHANCEMENTS 

Rest assured that we also back you up with a complete line 
of enhancements including In-Circuit Emulators, EPROM 
programmers, add-on RAM or EPROM memories, line print- 


ers, “semiconductor disk” memory resident operating sys- 


i(=\patopere lace mci inte] (ome) ane, 6r-1 ae MOREY disks with a super disk 
operating system. 


MICROKIT-8/16'S ARRIVE READY 
TO GO TO WORK FOR YOU 


But don’t be misled by our name, our system comes fully 
assembled, fully tested, fully warranted, and ready to begin 
helping you with microcomputer development the very day 
it arrives. The MICROKIT-8/16 is a proven and reliable 
system which over the past year has received enthusiastic 
customer acceptance. 


Our unbeatable features make the MICROKIT-8/16 an ob-’ 
vious choice for the designer requiring a microcomputer 
development system. Write or call MICROKIT INC. today, 
(213) 828-8539, to see just how well the Wk@n(@) QU sdmkomales 
your microcomputer development requirements. 


For more information, Circle No. 31 
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Using a novel design, this .P controls the flow of data as well as helps digitize the analog input. Thus, a single DAC handles 
both input and output signals, effectively adding one bit of accuracy. 


sequentially stores the bits and words of input 
data. By “jamming” selected 8-bit data words 
from RAM into the DAC, this module takes only a 
fraction of input time to produce an analog 
output. | 


Output more speech than you input 


Setting the speed-adjust factor to unity (16k 
samples/sec) allows input bits to replace output 


bits with no net gain in RAM utilization. A very. 


perceptive reader, however, should see a poten- 
tial disaster: What happens when the user slows 
the tape speed down (expansion mode) and the 
output demands more bits than those stored as 
inputs? 

Never fear! The uP now implements a patented 
process known as “‘intelligent splicing.”” When 
the microprocessor senses that source bits will 
soon be exhausted (by comparing the output 
address in RAM with the input address), it begins 
to search the 20 to 30 msec of RAM that were just 
used as output data. 

When it finds a zero crossing of the right 
polarity (the point, for example, where the signal 
value goes negative), the uP notes this RAM 
location. And just as the data is depleted, the uP 
finds another such zero crossing and jumps from 
this current crossing to the address of the 
previous zero crossing. In this manner, the 
microprocessor replicates tiny adjacent segments 
(about 20-msec wide) as required to keep pitch in 
sync with the altered tape speed while collecting 
additional data; this intelligent splice routine also 
eliminates annoying splice glitches. 

In the compression mode (tape/speech speed 
increase) a similar operation occurs when the 
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RAM is about to write new data over unused 
“old’’ data. When this function takes place, the 
wP jumps ahead 20-30 msec to a convenient 
zero-crossing splice point, thus discarding some 
old data but opening up additional RAM for new 
data. 

Originally designed and sold using over four 
TTL boards (70 inverters, 200 NAND’s, 130 flip- 
flops), this second-generation device has en- 
hanced reliability and marketability by significant- 
ly reducing three factors: component count, 
amount of interconnect and power consumption. 


uP out-performs the IBM 360 


Standard Microsystems Corp. manufactures 
this custom n-channel hardwired chip. When 
asked why a custom chip was used, consultant 
Francis Lee explained that many options (includ- 
ing off-the-shelf P’s)were considered, but this 
function demands so much parallel activity that 
general-purpose devices fall far short. “I don’t 
think a 360 could be programmed to do the job 
fast enough,” Lee added. 

As for development problems, trying to find the 
bugs in prototypes of the chip proved to be a real 
challenge, requiring quite a bit of “detective 
work” on the microscopic level. 

What’s the moral to this success story? Don’t be 
afraid of custom uP applications. Unique de- 
mands that may not allow the use of a general- 
purpose pP can result in a unique product, just as 
in Lexicon’s case. 


Article evaluation: Please circle one on R.S. card. 
Read Some—No. 301 Read Most—No. 302 
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RUGGEDIZED 
METERS 


@ COMPLETE LINE OF QPL 
RUGGEDIZED METERS IN 
ACCORD WITH MIL-M-10304 


@ AVAILABLE IN1",1 1/2", 2 1/2", 
3.1/2" & 4 1/2" SIZES 


@ 90° DEFLECTION IN BOTH 
MOVING COIL AND 
IRON VANE MOVEMENTS 


180° AND 250° DEFLECTION 
IN MOVING COIL AND 
RECTIFIER TYPE MOVEMENTS 
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seat, 1% 





TOTAL PRODUCT CAPABILITY 
Da ae ea] 


EDGEWISE PANEL METERS 
AVIONIC MECHANISMS 
CUSTOM ENGINEERED METERS 


LOW COST PANEL METERS 
AIRCRAFT INSTRUMENTS 








PHAOSTRON INSTRUMENT& ELECTRONIC CO., INC. 





FA OSTRON 





TRON WEST COAST EAST COAST 
—__ —_“S 151 Pasadena Ave. 70 DaleSt. 
South Pasadena, California 91030 West Babylon, New York 11704 
(213) 255-1471, TWX 910-321-4134 (516) 293-6622, TWX 510-224-6401 


A STERLING ELECTRONICS SUBSIDIARY 


- REPRESENTATIVES IN ALL MAJOR CITIES - 


CC) CC) 
HOCHHCRHOOTE HOH HOUR ARORA HRAHH OHBRRRHORRHAOOHHARBHBGHRBOBB 


EaEs(es[es[e3|e3|e 3/6 3|e3]e se 3]e se se se sie sie slesiesie sie sie slesleslesles 


For more information, Circle No. 32 
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Panel Meters— 
analog or digital, 
It’s the application 
that really counts! 


How do you get the most meter for your money? What does “quality” 





mean? What trends are developing? Here are the experts’ views. 


John Conway, Associate Editor 


Five years ago (or so) predictions concerning the 
demise of the analog panel meter (APM) ran 
rampant. Yet today, analog meters still coexist 
rather peaceably with their digital cousins. In fact, 
from a market-share perspective, APM’s garner 
an estimated $80 million annually, while DPM’s 
barely make $20 million. Are DPM’s then just a 
flash in the proverbial pan? Emphatically NO! 
Each technology has simply settled into its 
particular niche and found contentment there 
(aside from some good-natured arm wrestling in 
the $30-$50/unit-price range, of course). 

Since so much has been said recently about the 


A vs. D “invented controversy”, we won’t repeat 
it here. Rather, we will concentrate on what you, 
the overworked double-E, should know about the 
various meter technologies, while also pointing 
out what’s new. In preparing our nuts-and-bolts 
technology update, we asked three questions of 
the various panel-meter manufacturers: 
e What construction methods separate the 
good products from the bad? 
e What problems continually plague analog or 
digital technology? 
e What does the future portend? 


Presenting: a few pointers on analog meters 


Manufacturers of APM’s provided some very 
interesting insights into the world of moving 
pointers, as these answers show: 

W.M. Turner, Annoux Corp. 
‘“Construction-wise, any good analog meter 

should have a readable pointer with a relatively 

vibration-free movement over a long meter life. 
‘‘While we see a marked down-trend due to 
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over-optimistic buying late in 1975, overall the 
APM future holds steady growth and evolution.” 
Paul Bartlett, Bartlett-Emery Inst. Co. 

“Superior analog products feature high-torque 
movements (in many cases custom engineered), 
high-energy coercive Alnico magnets, pivot and 
jewel suspension using spring-loaded jewel bear- 
ings, large window areas and metal fabrication of 
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<«{ Analog, digital or analog/digital, panel meters provide an 


all-important man-machine interface. The choice among them 
might not be as difficult as it first appears! (Simpson Electric 
Co.) 


all functional parts. 

‘As to problems, customers are very concerned 
about some manufacturers’ quality of construc- 
tion. Some suppliers fail to hold tolerances, so 
durability suffers. Delivery delays are another 
industry problem. 

‘The future? The trend seems to be towards 
lower sensitivities.” 

Dan Edson, General Electric 

‘‘In analog construction, look for flexibility. For 
example, we position studs ultrasonically to 
match any panel cutout. 

‘Delivery is a major problem for some instru- 
ment manufacturers because slow delivery can 
delay shipment of equipment. 

‘GE expects the trend toward lower cost, more 
easily read, high-accuracy analogs to continue.” 
Gerry Frank, Greibach Instruments 

‘Any good analog meter should be rugged 
enough to withstand shock and overloads. 

‘Problems we've seen include inaccurate true 
rms measurements of distorted waveforms and 
some meters’ inability to measure small currents 


DIGITAL 
OHMMETER 


Three meters, three cases—U.S. DPM manufacturers have yet to settle on any one set of dimensions governing case size— 


without using active circuitry.” 
Robert Fiorille, Hickok 

‘The quality of most analog meters is reflected 
by their accuracy specs. Our standard is 1%. 





A “now generation” functional DPM allows the user to turn a 
“plain vanilla’ unit into virtually any kind of digital-readout 
device imaginable. Function cards, available in pre-assembled 
or stark naked versions, stack atop the DPM circuitry, adding 
little if any bulk to the original unit. (Analog Devices, Inc.) 


even though the 45x92-mm front-panel cutout DIN/ NEMA specification has existed for years. Though a serious problem 
for OEM’s looking for second-source vendors, many manufacturers feel they’d get detrimentally “locked-in” if forced to 
build uniformly shaped units. (Nationwide Electronic Systems, Newport Laboratories, Inc., and LFE Corporation) 
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Spring-loaded jewel bearings, removable pivots, 
double-cantilever anchor springs and taut-band 
end connections combine to make a superior 
APM. 

‘Delivery time is the industry’s biggest problem 
right now. We recommend that users check to 
see if the company can deliver on short order. 

‘The future probably holds significant changes 
through development of basic materials.” 

R. Reardon, Hoyt Electrical Inst. 

‘Two specific construction details to look for 
are strong torque due to high-magnetic strength, 
quality pivots, and the degree of precision and 
care taken in the assembly of those pivots. 

‘Problems? None to speak of exist other than 
out-of-tolerance or stickiness due to customer 
neglect.” 

Steve Cohen, /mtronics Industries Ltd. 

“We feel the use of laminate magnets in the 
D’Arsonval movements provides the best con- 
struction for analog meters. 

“The majority of complaints we receive involve 
‘hung springs’ caused by rough shipping. But 
larger magnets allow fewer turns in the spring, 
thereby avoiding this problem. 

‘Due to large panel-meter requirements for 
CB, a shortage of suitable magnets seems to be 
shaping up. Our advice? Allow longer lead times 
when ordering.” 

William Bolia, Jewel! Electrical Inst. 

‘“Taut-band meters provide superior service in 
the long haul. With regard to cases, a user ‘going 
plastic’ should try to get an acrylic or polycarbon- 
ate type. 

“Delivery time really hurts customers. Any 
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meter manufacturer worth his salt should provide 
fast turn-around with short lead time. 3 

‘The future? We see a trend towards behind- 
the-panel mounting.” 
David Cohen, LFE Corp. 

“Quality products will generally have better 
accuracy and tracking. Users should look for a 
phenolic case, glass windows and _ taut-band 
construction. 

‘‘Taut-band resonance can be a problem in 
some APM’s, but we’ve solved that by viscose 
damping. 

‘“‘In the future, we see less sensitive (0-1 mA) 
ranges required because of less expensive op 
amps. We also predict an increasing demand for 
edgewise panel meters. Developing trends in- 
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D’Arsonval would be proud if he could see the analog meter 
still hanging in there. Noted for their low cost, reliability and 
quick-face-change ability, the APM is far from “gone.” (LFE 
Corporation) 
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clude lower price, moving magnet-type meters 
and bar-graph displays.” 
Hal Moore, Phaostron Instruments 

“Core-magnet construction with spring-back 
jewel mechanisms makes for a very rugged 
product that withstands tough environmental 
conditions. Everyone thinks taut-band construc- 
tion solves all problems. Not true! Pivot and jewel 
movements still remain the backbone of the 
industry. 

“When choosing an APM, check the quality of 
the material used in the case. Also, check for 
optical clarity in the lens and printing quality of 
the dial. Sometimes small things flag the differ- 
ence between a high-quality meter movement 
and an ‘indicator’. : 

“We most frequently encounter the problem of 
customers writing their spec’s in improper terms; 
for instance, ‘tracking’ is often interchanged with 
‘linearity’. 

“The future will see shrinkage in the high- 
accuracy end of the analog-meter business due to 
the DPM’s decreasing cost. On the other hand, 
we look for a big expansion in the market’s low 
end. We also observe that more and more 
customers are buying movements and putting 
them into their own cases.” 
F. Fogle, Q.V.S. Inc. | 

“Construction points to look for include 
laminated-magnet pole pieces for high meter-to- 
meter consistency, cases resistant to breakage, 
marking and melting, and a choice of glass or 
plastic windows. 

‘‘Customers often overspec and that’s a 
problem—they require unrealistic temperature 
compensation, accuracy, ballistics, suppression, 
etc. The result is increased costs and longer 
deliveries.” 

Robert Cullen, Sigma Instruments 

“Quality analog meters have either jewel- or 

taut-band movements and provide 2% or better 





Looks can be deceiving as this front and back view of a 
large-face APM shows. Technology slowly continues to 
advance in the world of the analog meter. Reduced movement 
size, increased torques and flexbility of case-styling and 
materials make these devices better than ever. (Hoyt Electrical 
Inst. Works) 
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A +131°F 3000-unit DPM rotisserie silently ‘‘burns-in” devices 
as automatic circuitry exercises them through a comprehen- 
sive 5-day test program. Such quality-control measures have 
reduced the 20-25% failure rates of dark-ages DPM’s to less 
than 5%. (Analogic Inc.) 


single pivots and 5-10% accuracy. 

‘‘We forsee that edgewise meters will continue 
to proliferate due to compactness of presentation 
and ease of readability, and anticipate more 
versions of solid-state analog meters such as our 
Lumigraph.” 

Mel Buchring, Simpson Electric Co. 

‘“Full-bridge construction with nonmagnetic 
pivots suspended in spring-mounted jewels pro- 
vide excellent repeatability, even after severe 
shock and vibration. Also, high-coercive magnets 
offer accurate, long-term calibration. 

‘Probably the most frequent problem we 
encounter is the tendency for customers to 
overspecify. By reviewing with them their actual 
needs for accuracy, tracking balance, coil resist- 
ance and tolerances, we can reduce cost and 
provide a more suitable meter for the application. 
“The analog indicating meter has reached a 








stage where refinement rather than basic changes 
will provide the key for new development. New 
magnetic materials will, no doubt, improve full- 
scale sensitivity; more meters will have taut-band 
suspensions; and case styles will continue to 
move toward edgewise displays to save panel 
space.” 

Dr. Roland Gubisch, Weston (Analog) 

‘My advice on construction is: Look for thick 
rigid parts (plastic, glass or metal); avoid delicate 
appearance except where function dictates (coil, 
pivots, etc.); look for tight-fitting parts but not 
press-fit construction (which generates shavings 
and ‘trash’ that can cause friction) and for 
welded electrical connections (more reliable than 
solder) or bright solder for soldered types. Leads 
should be clamped or dressed carefully to avoid 
vibration fatigue or interference with the moving 
coil. 

‘| feel that a lack of meter application knowl- 





edge causes major problems for some customers. 
Product availability can also be of critical concern. 

‘The future holds a trend to less costly analog 
indicators.” 

Jack Stenga, Yokogawa Corp. 

‘Since specifications can deceive, the only true 
test of a good analog meter is an actual ‘in-plant’ 
evaluation. Top manufacturers offer units for 
such evaluation to make sure the instrument ‘fits’ 
the application. 

‘Since customers naturally want the lowest cost 
but ‘Cadillac’ performance, specifying the prop- 
er meter for the job is the customer's biggest 
problem. 

“High-priced analogs ($30-$50) continue to 
bow to DPM’s but lower priced APM’s will show 
market growth.” 

Table 1 condenses and summarizes these APM 
comments. 


Meanwhile, back in the digital world... 


Following our conversations with manufac- 
turers of analog meters, we crossed over into the 
digital domain asking, in essence, the same 
questions. Their responses follow: 

Pollens and Codispoti, Analog Devices 

“Since reliability is the all-important common 
denominator, ask the manufacturers for their 
return rate percentages. Not too many years ago, 
return rates ran 20 to 25%, but today, they should 
be less than 5%—accept nothing greater. We also 
find that noise problems and display failure— 
annoyances that apparently plagued other manu- 
facturers in days past—haven’t troubled us at all. 

‘The future? We suspect that a new generation 
of DPM is about due and that DPM sales-growth 
curves will continue their upward trend.” 
Gordon, Culverhouse & Seperant, Analogic 

“The quality of DPM construction and the 
problems encountered go ‘hand-in-glove.’ First 
of all, you must realize that digital meters will 
possibly never offer the reliability of analog 
meters. Nevertheless, reliability will always sepa- 
rate the good from the bad, the useful from the 
useless. With this thought in mind, then, pro- 
spective DPM users should ask certain key 
questions of the manufacturers under consider- 
ation prior to inking the purchase order. 

“For instance, ask for meantime-between- 
failure figures (MTBF)—the answer almost always 
‘tells all.” Any manufacturer who cares enough 
about his own products and his customer’s 
Satisfaction will give this information without 
hesitation. His failure to do so might indicate 
problems. 

‘“‘Ask what the internal temperature rise equals 
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during operation. Since most of today’s quality 
DPM’s utilize low-power circuitry, look for rises 
on the order of 10-15°F. Temperature differentials 
significantly greater than this usually flag power- 
hungry digital ‘beasties’ and/or sloppy circuit 
design. Our experience shows that a 40° rise, for 
example, reduces MTBF by a factor of two! 
“Also, ask for an evaluation sample, and upon 


receipt pop its lid and examine the density, 


quality and layout of the internal components. 
Such seemingly mundane items as transformers, 
resistor networks, LED- or GAS-type readout, 
regulators, trim pots, etc., drastically affect meter 
performance when taken ‘in toto.’ You wouldn’t 
believe the difference 30 cents makes in the 
quality of a trim pot. 

‘‘Finally, examine the case. If it has ventilation 
holes, convection might carry circuit-zapping 
dust, dirt moisture, etc. into vital areas. Holes 
might also indicate temperature-rise problems. 

“The list of questions can go on and on—how 





All alone and lonely, sales of bare-bones analog-meter 
movements continue to boom. How come? OEM’s in many 
cases find it more practical to supply their own custom 
‘exteriors and trimmings.” (Phaostron Instrument Co.) 
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long is burn-in?...what QC and QA procedures 
are taken (vibration, humidity, etc. tests?) etc. 
Our advice? As you put forth your queries, always 
keep your application in mind. 

‘...Regarding the future, we see ever- 
increasing DPM reliability with a trend towards 
‘dedicated DPM’ or, as some now call them, 
Digital Panel Instruments (DPI’s). As for price, 
quality line-powered 3-1/2-digit DPM’s will never 
cost less than $50-$60.”’ 

Pete Muller, California Instruments 

“The most frequent complaint we hear from 
customers is that some manufacturers promise 
resolution that their DPM’s can’t deliver. Be 
careful here. 

‘‘The future? Most likely the smaller companies 
will get squeezed out of the low-resolution (and 
by that | mean 3- to 4-1/2-digit!) markets by the 
heavyweights.” ! 

Gallagher, Copeland and Phillips, Date/ Systems 

‘From the viewpoint of construction, look for 
components not mounted in sockets (i.e., those 
directly soldered to the pc board). Sockets, in our 
Opinion, imply a greater chance of poor connec- 
tion and indicate components with high failure 
rates or components that weren’t tested with the 
whole meter. 

“Experience shows that a ‘last-digit-jitter’ 
problem frequently exists in competitive units. 
Usually caused by DPM thermal noise or ac hum 
on the input, this type of jitter sometimes 
indicates a poorly regulated power supply with 
unfiltered logic noise. Input filters can help, but 
they add long settling time in the last digit. 

‘Far into the future we forsee a LED bar-type 









A new concept in indication and alarm-control instrumenta- 
tion, Sigma’s Lumigraph is a totally electronic analog display. 
It uses 200 closely spaced neon-discharge elements to show 
accurately (and at a glance) the measured value relative to F.S. 
values and/or adjacent set-point bars. 





display with a single traveling bar, as well as very 
compact meters about two inches wide with 
extensive LSI, monolithic and/or hybrid construc- 
tion and prices at $15-$20 in substantial quanti- 
ties. We also envision very thin LED DPM’s (also 
LSI) with integral red-glass filter/case header. 
Perhaps we’ll even see a DPM on a DIP—the 
technology exists, but does the market?” 

E.B. Hibbs Jr., Digilin Inc. 

“When examining a DPM, ask yourself: ‘Is it 
reliable? Is it rugged?’ If you can honestly answer 
yes’ to both questions, odds are it’s a good 
product. 

‘The problem that we most often encounter is 
a general lack of application information. To this 
end, we’ve tripled our applications staff. 

‘In the future, small companies like ourselves 
will go more into value-added meters; i.e., 
devices with on-board interface and _ signal- 
processing circuitry. Semiconductor houses will 
likewise pursue the high-volume ‘standard’ unit 
market.” 

Dick Dale, Digitec 

‘Quality DPM’s usually have all IC’s and LED’s 
in sockets for servicing flexibility, standup boards 
with mechanical supports, pc lands that do not 
run under active components, and transformers 
and supplies that are ‘oversized’ and conserva- 
tively rated. 

“Problems that aggravate many DPM users 
include system-interface difficulties and system- 
generated noise. Thus buyers should ask if the 
units feature a high-noise immunity design. 

‘Over the next few years, certain DPM prod- 
ucts will ‘fall out’. Of course, quality instrument- 
type devices will always have a market, but 
low-cost, low-quality DPM’s will lose to ‘in- 
house’ design.” 

William D. Cook, Electronic Research Co. 

“Properly constructed DPM’s are precise in- 
struments and should therefore have a crystal 
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A DPM that enjoys being a kluge? That’s right! Analogic’s 
Models AN2553 and AN2559 accept both analog and digital 
plug-in interface ‘‘kluge’’ cards that utilize both the power and 
space available in the basic empty-headed meter to turn same 
into stand-alone digital panel-instrument subsystems. Func- 
tional cards can be purchased ‘‘off-the-shelf’’ in a variety of 
configurations, or blank, for the ‘‘roll-your-own” crowd. 
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Hate to cut holes in things? Nationwide Electronic Systems 
Inc. produces a whole family of Slimline® digital panel 
instruments that mount directly on an instrument enclosure’s 
front panel. Measuring only 3-1/2x4-1/2X5/8 in., all units 
boast pin-for-pin compatibility and interface with an almost 
equally slim ‘ASCII Bustle” that makes each meter TTY, CRT, 
modem, computer and data-handling equipment compatible. 


time base instead of the inferior line-frequency 
counters or RC/LC oscillators. 

‘‘Good manufacturers prevent application 
problems by providing prolific, complete and 
simply written documentation. 

“Not too long from now, DPM’s will be battery 
powered by throwaway batteries lasting six 
months to a year or more.” 

Eppard and Pierce, Flectro-Numerics, Inc. 

“In high-end, multifunction DPM’s, top quality 
meters have tight specs: accuracy, temperature 
stability, linearity and internal noise-immunity. 
Since a user can check quality only by obtaining 
samples and testing them in the application, the 
best manufacturers offer such samples. 

‘Features to check include the size and bright- 
ness of the display and the quality of the case and 
components. Low-quality DPM’s, for example, 
won’t have gold-plated, circuit-board contacts. 
However, low-priced units aren’t necessarily bad 
unless they fail to meet a customer’s specific 


palais ais 





Reyer. 


highly functional 8-digit (LED) counter able to operate at 
speeds to 12,000 counts/min. Since this unit triggers on any 
pulse between 3-100V having a 2.5-msec width, TTL, DTL, 
CMOS or virtually any “homebrew” logic signal will work. 
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requirements. 

“The main problems DPM customers face 
revolve around reliability and delivery. Though a 
DPM is small, it’s a key component in an 
instrument or system that represents a large sale 
for the manufacturer. If the meter fails, the 
product fails. To this end, ask the DPM manufac- 
turer how long his warranty lasts. Ours, for 
instance, is two years long. 

“Over the next few years we think two key 
trends will develop: a flattening of price (barring 
major ‘tech’ breakthroughs) and a division of the 
market into separate, but not mutually exclusive, 
segments: high-quality, broad-capability meters 
and lower priced meters with a basic readout 
function.” 

Harold Steinburg, Gralex Industries 
‘Four things to look for when buying a DPM are 
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A counter more in control of itself, Electronic Research’s 
6-digit Series 4500 DPM functions as a presettable, bi- 


directional counter/timer/controller. The unit accepts low- 


level sine waves, TTL and/or MOS signals and contact-closure 
inputs as fast as 10 kHz (1 MHz available!). | 


screw-down locking of pc boards, positive filter 
retention, uncrowded pc-board construction and 
sockets for all LSI devices. 

“Problems? Mechanical installation difficulties 
and ground-loop generation (with BCD-output_ 
type meters) are two major concerns. We over- 
come these by providing custom packages and 
isolating the BCD outputs, respectively. 

“As for the future, we see smaller DPM’s with 
larger digits, shakeout in case standards, a 
resolution of the English-vs.-metric dimension 
conflict and increased use of LCD’s.” 

Bob Lounsbury, Nationwide Electronic System 

“A shopping list of quality construction ‘look- 
for’s’ should probably include full-parallel data 
inputs and outputs, hidden manual controls and 
adjustments to discourage tampering, a 
calibration-adjust pot, a valid-data (data-ready) 
output signal, output latch controls, a long-term 
warranty, user-testable spec’s, remote-supply 
ability to reduce noise and a product line with 
depth. 

“It’s almost impossible to name a select group 
of frequently encountered problems, but gener- 
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When can a DPM stop calling itself a DPM? Maybe when it’s a 
VOM! Non-linear System’s Volksmeter family demonstrates 
just how far panel-mounted technology has progressed. 
Operating from their own internal Ni-Cd battery pack or on 
115V ac, these units measure voltage, current and resistance 
across a wide dynamic range. 


ally DPM glitches revolve around attempts at 
improved productability, cost reductions, and 
improved test-data consistency. 

“In the future, low-cost instruments with little 
data interface, etc., and higher cost devices with 
new features but stable prices will appear on the 
DPM market.” 

Lyell Kinney, Newport Laboratories 

“Quality comes with good design, good com- 
ponents conservatively applied, careful construc- 
tion, tight QC, thoughtful test and checkout and 
long-term burn-in of the finished product. At 
burn-in, not only the ambient temperature but 
also the meter’s signal input and power supply 
should be exercised. 

“A responsible manufacturer will provide a 
wide range of instrumentation, not just voltage 
and current meters. It should offer DPM’s that 
handle frequency (especially RPM), temperature 
and time, as well as models that offer engineering 
units display, data recording and multipoint 
scanning. 

“We think that the future holds a dramatic 
reduction in prices, with a trend to more useful 
‘smart’ meters using »P’s and calculator chips.” 
Phillip Akin, Non-Linear Systems Inc. 

“With the trend toward digital display in lieu of 
pointer-type meters, many companies are look- 
ing for a DPM that can replace the APM in their 
instruments without requiring a complete rede- 
sign. In turn, this often means that the DPM must 
by physically small. At the same time, the 
engineer must worry about power requirements 
of the digital replacement; i.e., the DPM must not 
overtax the instrument’s built-in power supply. 

Still another important factor is the zero of the 
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Sending a shock wave through the industry, Fairchild Camera 
and Instrument Co.’s sudden appearance on the DPM scene 
has many manufacturers trembling—as they scratch their 
heads. Will the implied threat of greatly decreased prices, due 
to vertical integration, ever materialize? Only time will tell! 


meter. Analog panel meters have zero adjust- 
ments that often must be readjusted when the 
instrument is moved. On the other hand, digital 
meters can provide a true zero independent of 
position, temperature and supply voltage if they 
incorporate an auto-zero circuit. We therefore 
highly recommend the auto-zero feature to most 
users. 3 

“Problems most encountered involve special 
requirements associated with the circuit driving 
the display. With pointer meters, scaling and 
offset are readily accomplished with pen and ink, 
but digital meters require circuit changes for 
these functions. Other typical DPM requirements 
are for various ranges, voltmeter and counter 
operation, lamp test, leading-zero suppression, 
blanking, display-intensity control, different- 
color display and special supply voltage. 

“Low quality and long delivery times, plus 
nonconcurrence with published specifications 
are other problems that customers have experi- 
enced with competitors’ products. 

‘The future will probably provide more flexible 
DPM’s that will tend to eliminate ‘specials.’ 
Today, if a meter met all special requirements and 
could thus be used universally, no one could 
afford it. 

“Development and cost reduction in micro- 
processors will lead to a new generation of ‘smart’ 
DPM’s—for instance, a true ‘one-chip’ meter 
that could provide trend indication as well as 
present value. Such a meter could also provide 
alarm output; high-low limit output; peak- 
reading hold; proportional control signals; linear 
or logrithmic display of input signal and frequen- 
cy selectivity for ac signals—all at a lower cost 
than today’s DPM’s and in a smaller package.’’ 
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R.D. Zimmer, Pulse Dynamics Mfg. Co. 


“LOOK <-4OF 


injection-molded cases of fire- 


retardant cycolac, signal and power-supply inputs 
with slide-on connectors, wire-wrap or solder 
terminals and +10% calibration adjust. 

‘The future trend will be toward LED readouts 
in VU and S scales as production rates increase 
and costs decrease.”’ 


George Obinger, Velonex 


“I have just one small piece of advice—open 
the meter case. One look will tell all. 

“With respect to problems—improper ground- 
ing when connecting the unit to power causes 
more headaches than you'd believe. 

‘The future? You can expect smaller sizes, 
lower power requirements, and increased rug- 
gedization to withstand hostile environments.” 

Table 2 summarizes the results of our DPM 


Survey. 0 


PANEL METER MANUFACTURERS 


Table 2—Digital Panel Meters | 


Advantages over other technologies: 

«high accuracy 

readability at great distances and in lighted or dark environments 
*no parallax error 

«instant response 

*no overshoot 

easily calibrated 

*BCD, tri-state and other computer-interfaceable outputs 
*no magnetic-field problems 

-excellent linearity 

esimplified scaling 

sexy’ display 


Construction points to look for: 

slow parts-count “innards” 

+a variety of available displays (LED, LCD, GAS PLANAR, etc.) 
*0.5-in. displays or larger 

easily accessed calibration pots (but tamper-resistant) 

«pc lands not under active components 

*a minimum of holes in the case (reduces dirt intake and indicates small temperature rise) 
crystal time base 

slow-power (MOS) circuitry 

«use of LSI devices 

«gold-plated contacts 

»case following NEMA standards 

*extensive “burn-in” and test procedures 

shigh MTBF figures 


Problems commonly encountered: 

shigh cost 

digit jitter 

«display failure 

snoise problems due to lax circuit design, improper grounding, etc. 
ecircuit failure 

sinternal or external power-supply-problems 

«virtually no true second-sourcing 

sawkward size 


What the future holds: 


*reduced cost 

*smaller case dimensions 

eincreased display size 

«more “‘instrument’’- or “system"’-type meters 
intelligent UP-based meters 

+  -peripheral-type meters 

«increased reliability 


To help you get further information on the products discussed in this article, here is a list of manufacturers. We thank them for providing 
material and for answering our questions. By circling the appropriate numbers you will receive information from the companies. 


Analog Devices 

Box 280 

Norwood, MA 02062 
(617) 329-4700 
Analogic 

Audubon Rd. 
Wakefield, MA 01880 
(617) 246-0300 


Arnoux Corp. 

35 Anacapa St. 

Santa Barbara, CA 93101 
(805) 963-3476 
Bartlett-Emery Inst. Co. 
14th St. and Ave. M. 
Fort Madison, IA 52627 
(319) 372-8366 


Beckman Instruments, Inc. 
2500 Harbor Blvd. 
Fullerton, CA 92634 
(714) 871-4848 
California Instruments Co. 
5150 Convoy St. 

San Diego, CA 92111 
(714) 279-8620 

Datel Systems, Inc. 
1020 Turnpike St. 
Canton, MA 02021 
(617) 828-8000 
Digilin 

3521 W. Pacific Ave. 
Burbank, CA 91505 
(213) 846-1800 
Digitec 

918 Woodley Rd. 
Dayton, OH 45403 
(513) 254-6251 

Doric Scientific 

3883 Ruffin Rd. 

San Diego, CA 92123 
(714) 565-4415 


Dynamics Electronic Products 


9001 Fullbright Ave. 
Chatsworth, CA 91311 

(213) 998-0121 

Electronic Research 

Box 913 

Shawnee Mission, KS 66201 
(913) 631-6700 
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Electro-Numerics, Inc. 
1811 Reynolds St. 
irvine, CA 92714 

(714) 549-8821 

General Electric 
Instrument Products 

40 Federal St. 

Lynn, MA 01910 

(617) 594-5547 

Gralex Industries 

155 Marine St. 
Farmingdale, NY 11735 
(516) 694-3607 

Greibach Instruments 
25 Dock St. 

Mt. Vernon, NY 10550 
(914) 699-9717 

Hickok Instrumentation 
10514 Dupont Ave. 
Cleveland, OH 44108 
(216) 541-8060 

Hoyt Electrical Inst. Works 
556 Trapelo Rd. 
Belmont, MA 02179 
(617) 489-1520 
Imtronics Industries Ltd. 
813 Second St. 
Ronkonkoma, NY 11779 
(516) -981-3434 

Jewell Electrical Inst. Inc. 
Grenier Field 
Manchester, NH 03108 
(603) 669-6400 

LFE Corporation 

1601 Trapelo Rd. 
Waltham, MA 02154 
(617) 890-2000 
Nationwide Electronic Systems 
1536 Brandy Parkway 
Streamwood, IL 60103 
(312) 289-8820 

Newport Laboratories Inc. 
630 E. Young St. 

Santa Ana, CA 92705 
(714) 540-4914 
Non-linear Systems Inc. 
Box N 

Del Mar, CA 92014 
(714) 755-1134 
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e Box 4047 e 


Stamford, CT 06907 
(203) 359-1660 


Phaostron Instrument Co. 
° 151 Pasadena Ave. 

South Pasadena, CA 11704 

(213) 255-1471 

Prime Instruments Inc. 

9805 Walford Ave. e 

® Cleveland, OH 44102 
(216) 651-0400 


Pulse Dynamics Mfg. Corp. 

Box 355 
bad Colchester, IL 62326 

(309) 776-4544 

Q.V.S. 

20 N. 15th St. | e 
e East Orange, NJ 07017 

(201) 673-3996 


Sigma Instruments Inc. 
170 Pearl St:. e 
Braintree, MA 02184 
(617) 843-5000 
Simpson Electric Co. 
853 Dundee Ave. e 
Elgin, IL 60120 
(312) 697-2260 
Triplett Corp. 
286 Harmon Rd. 6 
Bluffton, OH 45817 
(419) 358-5015 
Velonex 
560 Robert Ave. 
Santa Clara, CA 95050 
(408) 244-7370 
Westach Mfg. Co. 
Ps 3400 Westach Way @ 
Sonoma, CA 95476 
(707) 938-2121 
Weston Instruments 
614 Frelinghuysen Ave. e 
Newark, NJ 07114 
(201) 242-2600 
Yokogawa Corp. of America, 
e 5 Westchester Plaza e 
Elmsford, NY 10523 
(914) 592-6767 


Read Most—No. 304 


DPM 
e Circle No. 


49 


200 








Authorized Distributors and Modification Centers 


ALABAMA 
‘Birmingham 
Argo & Company 
Forbes Distributing Co. 
Mobile 
**Brownell-Electro, Inc. 
Turner Supply 


ARIZONA 


Phoenix 
Hamilton Avnet 
**Metermaster, Inc. 


ARKANSAS 


Little Rock 
Carlton Bates Co. 


CALIFORNIA 


Culver City 

Hamilton Electro 
El Monte 

General Electric Supply Co. 
Emeryville 

General Electric Supply Co. 
Glendale 

**Western Electronics 

Diviston 

Los Angeles 

*xMetermaster, Inc. 
Modesto 

Wille Electric Supply 
Mountain View 

Hamilton Avnet 
Palo Alto 

*xMetermaster, Inc. 
Sacramento 


Sacramento Electronic Supply 


San Diego 
Hamilton Avnet 
Metermaster, Inc. 

Santa Clara 
**Dynametron 


COLORADO 


Denver 
Electronic Parts Co. 


General Electric Supply Co. 


Hamilton Avnet 
x*xMetermaster 
Wintronics 


CONNECTICUT 
Hartford 


General Electric Supply Co. 


Hartford 

General Electric Supply Co. 
Middletown 

**The Mancib Co. 
North Haven 

Cramer Electronics 
Stonington 

Mystic Electric Supply Co. 


' FLORIDA 
Jacksonville 


General Electric Supply Co. 


Orlando 
**Brownell-Electro, Inc. 


GEORGIA 
Atlanta 


- General Electric Supply Co. 


Lykes Electronics Corp. 
Hapeville 
**Brownell-Electro, Inc. 


HAWAII 


Honolulu 
*xKems, Inc. 


ILLINOIS 
Bridgeview 
**EIL Instruments, Inc. 
Elk Grove Village 
**Metermaster, Inc. 
Schiller Park 
Hamilton Avnet 


«x Modification center 
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INDIANA 


Evansville 
Hutch & Son, Inc. 
Hammond 
General Electric Supply Co. 
Indianapolis 
General Electric Supply Co. 
Graham Electronics Supply 
*xEIL Instruments, Inc. 


IOWA 
Cedar Rapids 
Hupp Electric Motors, Inc. 
KANSAS 
Lenexa 
Hamilton Avnet 
KENTUCKY 
Louisville 
General Electric Supply Co. 


LOUISIANA 
Harahan 


**tndustrial Instrument Works, Inc. 


Lafayette 

Ralphs of Lafayette, Inc. 
Morgan City ; 

Electric Machinery 

& Supply Co. 

New Orleans 

Argo International 

**Industrial Instrument Works 


New Orleans Electronic Supply 


Shreveport 
Industrial Electronic Supply, 
Inc. 


MARYLAND 


Elkridge 
Sunshine Scientific Inst. Inc. 
Gaithersburg 
Cramer — E/W 
Hanover 
Cramer 
Hamilton Avnet 
Timonium 
**EIL Instruments, Inc. 


MASSACHUSETTS 


Boston 

General Electric Supply Co. 
Burlington 

**The Mancib Co. 
Dedham 

Gerber Electronics 
Newton Center 

Cramer Electronics 
Springfield 

T. F. Cushing, Inc. 


MICHIGAN 


Augusta 

Great Lakes Electronics 
Troy 

General Electric Supply Co. 
Ferndale 

*xRam Meter 
Muskegon 

Fitzpatrick Electric Supply 


MINNESOTA 
Minneapolis 
**Control Assemblies 


MISSISSIPPI 


Jackson 
Ellington Electronic Supply 


MISSOURI 


Hazelwood 

Hamilton Avnet 
Kansas City ; 

General Electric Supply Co. 
University City 

Olive Electronics 


NEBRASKA 


Lincoin ‘ 
Scott Electronic Supply Co. 

Omaha 
Schneider Electric 


West Dodge Elect. Supply Co. 


NEW JERSEY 


Camden 

General Radio Supply 
Carlstadt 

Brown & Ross of NJ. 
Cedar Grove 

Hamilton Avnet 
Clifton 

Metro Electric Supply Co. 
Moonachie 

Cramer Electronics 
Mount Laurel 

Hamilton Avnet 
S. Plainfield 

**Brownell-Electro, Inc. 


NEW MEXICO 


Albuquerque 
Cramer Electronics 


NEW YORK 


Clarence 

**Trott Electronics, Inc. 
Glens Falls 

Glens Falls Electric 
Hauppauge 

Cramer Electronics 
Liverpool 

**WEI, Inc. 
New York City 

Hudson Electric Co., Inc. 

Power Inst.& Controls 
Rockville Centre 

**A & M Instruments, Inc. 
Westbury 

Hamilton Avnet 
Woodside 

General Electric Supply Co. 


NORTH CAROLINA 


Charlotte 

**Brownell Electro Inc. 

Dixie Radio Supply 
Greensboro 

General Electric Supply Co. 
Raleigh 

Southeastern Radio 
Winston-Salem 

Cramer Electronics 


OHIO 


Cincinnati 
General Electric Supply Co. 
Cleveland 
**Christie Laboratories, Inc. 
General Electric Supply Co. 


**Pioneer Cleveland Inst. Lab. 


Dayton 

**Pioneer Dayton Inst. Lab. 
Warren 

Rem Electronics Supply Co. 


OKLAHOMA 


Oklahoma City 
John H. Cole Co. 
Tulsa 
Electrical & Instr. Sales 


PENNSYLVANIA 


Allentown 

A.A. Peters, Inc. 

General Electric Supply Co. 
Philadelphia 

Almo Electronics 

**Electric Tachometer Corp. 

Joseph T. Fewkes & Co. 

General Electric Supply Co. 

**Sunshine Scientific 
Pittsburgh 

**EIL Instruments, Inc. 

General Electric Supply Co. 
York 

Rosen Electronics 
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RHODE ISLAND 


Warwick 
W. H. Edwards Co., Inc. 


SOUTH CAROLINA 


Columbia 

Dixie Radio Supply 
Greenville 

Graves Elect. Supply 


TENNESSEE 


Chattanooga 
Electric Motor Sales 
Harpe Electronics 
Knoxville 
General Electric Supply Co. 
Industrial Electronics 
Memphis 
**Brownell Electro, Inc. 
Elec. & Mech. Depot 
Nashville 
**Brownell-Electro, Inc. 


TEXAS 


Garland 
*xMetermaster, Inc. 
Houston 
**Electrical Instrument & 
Meter Co. 
General Electric Supply Co. 
**Meters & Inst. Corp. 


UTAH 


Salt Lake City 
General Electric Supply Co. 
Newark Electronics 
Argo International 


VIRGINIA 


Richmond 
Meridian Electronics, Inc. 


WASHINGTON 


Bellevue 
Hamilton Avnet 
Seattle 
Almac-Stroum Electronics 
**Eicher-Richards Co. 
Pade bee 
Tacoma 
C&G Electronics, Inc. 


WEST VIRGINIA 


Bluefield 

Bluefield Supply 
Charleston 

McJunkin 
Huntington 

Huntington Electric Supply 


WISCONSIN 


Appleton 

General Electric Supply Co. 
Green Bay 

Beemster Electric Co. 
Milwaukee 

**Electro Mechano Co. 

General Electric Supply Co. 
West Allis 

Marsh Radio 


Outside U.S.A. 


MEXICO 
*xGESAMEX 
ADPO Postal 14-175 
Mexico 14, DF Mexico 
PUERTO RICO 
Hato Rey 


**International General Electric 


Puerto Rico, Inc. 


EDN SEPTEMBER 20, 1976 





Decide whether you want to 
measure minutes or hours. 


CE Tine meters 1 
+ Ae, WAilabee 4 





your product will 
brimae at usually decide this 
W S with for you. If it is to run 
6-dqi reldout . long cycle, then you 


want an hour meter. If the cycle is short, 
then a minute meter is correct. 


9 Reset or non-reset? 


Will your product’s 
application call for a 
continuous time 
reading? Then you 
want a non-reset time 
meter no one can 
tamper with. But if 

it's repeated measure- 
ments you need, then you'll want to 
include an easy-to-use reset feature. 


CEs resol 
YOUSIOn USE 


nel 


=== 





CE does 
Wclude BIG LooK® 


hack. of 


Choose the style, size and shape 


p al Meley’s. that will look best on your panel. 
aie Smart looks can sell. Your product’s time 
meter may be.-the very first ‘“embellish- 
yusuliing, Squat, ment” your customer notices. 
round dc. 


/ 


Be sure you have the right 
voltage and frequency rating. 


4 


Time meters are designed for 120, 208, 
240, or 480 volts ac; and 50 or 60 Hertz. 


How to pick 
the right time meter 
for your product. 


The right elapsed-time meter can add to your product's 
quality and saleability in two key ways: Performance and 
appearance. So it pays to evaluate time meters carefully. 
Many designers today do just that. . . by following these 
seven easy steps. 








Consider mounting flexibility 
before you have to change a 
time meter. 


> 


Make sure the time 
meter you pick is one 
that can be easily 


replaced later. And, of p SitOus t0 
course, make sure it YOUN panel 
will fit your panel's Cutouts. 





existing mounting holes. 


6 


Run through this quick reliability 
checklist. 





(A) Is the time meter you are considering 
UL-recognized? (B) What's the perfor- 
mance record of the motor that drives 

its digits? (C) Will the time-keeping 
mechanism require much maintenance? 
(D) How tough and protective are the 
materials in its outside case? Be sure 
you ve found the answers to these 
questions before you specify. 


7 


Make sure your time meter manufacturer 
has a record of dependability, that he 
will stand behind his product, and 

that his time meters meet all ANSI 
specifications. 


For a free guide entitled, “Pick the Right stl Eledh 
Panel Meter” (GEA-10340) and our , i nC. 
complete Catalog (GEP-307) write to Uo Wessun? 


General Electric Co., Section 592-66, 
Schenectady, N.Y. 12345. 


Finally, don't overlook the 
reputation of the manufacturer. 





592-66 


GENERAL @@ ELECTRIC 


For more information, Circle No. 33 
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Stretch your test instrument buage 


Does a scope always have to be expensive to 


meet your needs? At B&K-PRECISION we dont 
dalla) @cvem sid, Orbs) @)N\keli(-1eneRiCliMilalsme) mere) elo1s 
that give you the performance and features 
you need, at substantial cost savings...plus the 
fofo Ne ial (ele l=se)ilanlaal—re [eli delivery and 10- ee 
free trial Lialcolele lay [elexel) distributors 





B&K-PRECISION has taken a no nonsense, cost- 
effective, approach to oscilloscope design. All 
our scopes will trigger at frequencies typically 
50 to 100% beyond their rated band-width. They 
are rugged, dependable instruments, designed 
to match the features and performance of far 
more expensive scopes, without matching their 
high price. An important part of our approach 
is that you shouldn't have to buy more scope 
than you need to get the features you want. 
Before making your next purchase, compare 
the features and performance you require with 
what we have to offer. You'll discover that your 
budget is a lot bigger than you first thought! 


30MHz Dual-Trace 5” 

Triggered Scope 

with Signal Delay 

For the engineer who requires a full-feature 30MHz scope 


- Built-in signal delay line permits viewing of high-frequency 
pulse risetimes 


- Triggers on signals up to 50MHz 

- Rise time 11.7nS 

- 20 calibrated sweeps — 0.2 wS/cm-0.5S/cm 
Built-in high and low-pass filters 

- 5mV/cm vertical sensitivity 

- Illuminated graticule 

¢ TIL compatible intensity modulation 

« X-Y capability using matched DC amplifiers 
- P31 blue phosphor 

- Internal .5Vp-p +1% calibration source 

¢ 5mV/cm horizontal sensitivity. 


Model 1474 $820 (not including probes) 





B&K-PRECISIO 
om allejaneliie—e 


45MHz Dual-Trace 5” 
Triggered Scope 


Premium features and performance in a 15MHz dual- 
trace scope 


- Ultra — flat in-band response with smooth rolloff past15MHz 

- Triggers beyond 27MHz 

¢ 24nS risetime 

- 49 calibrated sweeps—.5 uS/cm-0.5S/cm 

°140mV/cm vertical sensitivity 

¢ Algebraic addition and subtraction 

- Illuminated graticule 

- X-Y capability using matched DC amplifiers 

¢ P31 blue phosphor 

- Internal calibration source 

- Built-in TV sync separator 

- For fast setup, mode automatically shifts between 
CHOP and ALTERNATE as you change sweep times. 


Model 1472C $630 (not including probes) 


LareUimsics)eraliare mele (eae [el (oleae 
oo /ame|i(=)arel ive 


oscilloscopes 





4{0MHz Dual-Trace 5” 
Triggered Scope 


Our lowest-cost dual-trace scope more 
than fills the need in applications 
where extended bandwidth isn’t required 


¢ Triggers to 145MHz 


¢ Mode automatically shifts between CHOP 
and ALTERNATE as sweep time is changed 


* 18 calibrated sweeps —1 uS/cm-0.5S/cm 
35n$S risetime 
¢ P31 phosphor 


¢ X-Y capability using matched 
DC amplifiers 


¢ Internal calibration source 
¢ TTL compatible intensity modulation 
¢ 10mV/cm vertical sensitivity 


Model 1471B $495 


(not including probes) 













FOR IMMEDIATE DELIVERY, 

day free trial, contact yourlocal B&K-PRECISION distributor. Ask him for 
Catalog BK-77 with complete information on B&K-PRECISION oscilloscopes, 
probes and more than thirty other fine instruments, or contact us directly. 


10MHz 5” Triggered-Sweep Scope 


A 5” triggered scope with TTL compatible 
Z-axis 


*10mMV/cm vertical sensitivity 
¢ 35nS risetime 


- 18 calibrated sweep ranges— 
1 uS/cm-0.5S/cm 


* 5x magnification sweeps to .2 uS/cm 
« Vectorscope capability 

¢ Internal calibration source 

« Internal TV sync separator 

* P31 phosphor 


 {1-position vertical attenuator, 
calibrated in convenient 
1/2/5 step sequence 


¢ Built-in calibration source. 


Model 1464 $428 
(not including probe) 


fgets 


1{0MHz 3” Triggered-Sweep Scope 


Meets the demands for an uncompromising 
ultra-compact triggered-sweep scope 


19 accurate sweep ranges 

Accurate 11-position vertical attenuator 
10MV/div vertical sensitivity 

Front panel vectorscope capability 
Internal calibration source 

Only 5.75 x 7.9 x 12.9 »* Weighs only 13 Ibs 
Capable of writing speeds up to 0.1 
pS/div with 5x magnification. 


Model 1434 $399 
(not including probe) 


5MHz 3” Compact Scope 


Ideal for many dedicated applications, 
freeing more expensive scopes from 
monitoring tasks 


° 10mV/div vertical sensitivity 

¢ Direct deflection terminals for 
waveform display to 450MHz 

¢ Only 6 x 7.5 x 12” » Weighs just 8.5 Ibs 

¢ 600 Vp-p maximum input voltage 

¢ Can be externally synced. 


Model 1403A $209 
(not including probe) 


Save up to 50% on probes! 


. B&K-PRECISION has engineered a full line of cost-effective probes to 
rere — meet your needs. Our probes are designed for complete interchange: 

— ability with those of leading “ultra-sophisticated” brands, we) you — 

— compatible performance at about half the price. 


For more information, Circle No. 34 


wt ( PRECISION 
PRODUCTS OF DYNASCAN | 
6460 W. Cortland Avenue, Chicago, IL 60635 312/ 889-9087 
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A 3-state phase detector can 
improve your next PLL design 


Amazingly simple, this technique boasts wider operating ranges and 
needs less output filtering. Do you know the principles involved? 


C. Andrew Sharpe, The Bendix Corp. 


The growing army of digital and analog users of 
phase-locked loops (PLL’s) already know that 
PLL’s are superior to standard detection methods. 
These control devices can readily restore phase 
(and frequency) of a signal drowned in noise. 

A key element in a PLL is the phase detector, 
which typically is of the cross-coupled latch, 
set-reset flip-flop, or exclusive-OR variety. Unfor- 
tunately, these phase-detector circuits, although 
simple with respect to hardware, suffer from 
several major drawbacks: 

eThe output information for phase detection 
is contained in the width of the output pulse, 
which requires substantial filtering to 
remove the reference frequency content. 

«This class of detectors often responds to 
harmonics of the input signals, restricting 
the operating range of the input frequency. 
elf some type of memory does not detect a 
frequency difference, the capture range 
(maximum frequency difference between 
the two inputs before the system can start to 
lock) is one of the design variables that 





Fig. 1—A positive input on P, lowers the control voltage, while 
a positive input on P;, causes it to rise. The very small pulse 
width required to compensate for op-amp leakage and finite 
gain has an unusually low reference component. 


STATE A STATE B 


P= 1 P= 





Fig. 2—Sinee the machine has two output lines, two states are 
immediately evident: states A and B, one for f, > fp, the other 
for fg > f4. When the machine is in state A, repetitive positive 
transitions on its A input will not change the state. 


directly oppose the other loop constraints, 
such as filtering and external noise. 
The 3-state phase detector, however, elimi- 
nates these objections. 


Control is the goal 


This new approach to phase detection can best 
be understood by considering how the op-amp 
arrangement of Fig. 1 generates a control voltage 
to drive the variable phase/frequency element. 
Observe that a positive input on P, will lower the 
control voltage, while a positive input on Py will 
cause it to rise. If P,.=Py, no change in the control 
voltage will occur. 

With this method of control-voltage genera- 
tion, then, the problem of frequency/phase 
detection reduces to activating the proper input 
line that will drive the circuit into lock. Once 
phase lock is established, the operation requires 
no further change in control voltage, and neither 
line will be active. (Of course, the latter is an 
idealized condition, since leakage currents and 
finite op-amp gain always require some average 
voltage out of the phase detector. Nevertheless, 
the very small pulse width typically required has a 
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STATE A STATE C STATE B 
(P= 1) (P= P, = 0) (P, = 1) 





Fig. 3—A single positive transition on input B (or A) after 
repeated transitions on A (or B) sends the machine to state C, 
where both outputs are low—even if both frequencies are 
unequal. As the frequencies begin to track, the width of the 
pumping pulse will be directly proportional to the phase 
difference. 


reference component substantially smaller than 
that produced by the previously mentioned 
techniques.) 


“State-ing” the problem 
Before we can develop a suitable digital control 
circuit, we must establish some fundamental laws 
of frequency comparison: 
«For two pulse trains, if f4>f,, then at some 


point in time two or more reference transi- 


tions of pulse train A will occur between two 
reference transitions of pulse train B. 
elf fs=fg, at no time will two reference 
transitions of pulse train A occur between 
two reference transitions of B. 

By applying these postulates, you can build a 
3-state phase detector in a manner that avoids the 
traditional and lengthy asynchronous-machine 
design problem. The goal is to combine logic 
devices that will: 

¢provide positive pulses on output line one if 
f, > fg, a condition which may be detected 
by looking for two consecutive pulses on the 
A input line 

eprovide pulses on output line two if fg > f, 
ehold HIGH output line one for the duration 
of the phase difference if fs = fg, and the 
positive transition of A leads that-of B 

ehold HIGH output line two for the duration 
of the phase difference if fs = fg and the 
positive transition of B leads that of A. 

By defining two output lines for the machine, 
then, two states are immediately evident as 
shown in Fig. 2. 





Fig. 4—A leading-edge triggered “‘D” type flip-flop with its 
“D”’ input tied high satisfies the requirements of states A and 
B. 
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Three states are better than two 


If the machine is in state A (or B), repetitive 
positive transitions on the A (or B) input will 
obviously have no effect on that state. But if a 
transition should occur on B (or A) after consecu- 
tive transitions on A (or B), you do not want to go 
directly to state B (or A). Why? Because if state A 
does transition directly to state B, one output will 
always be HIGH, thus violating the criteria that P;, 
= P,, = ZERO when f, = fg and the phase angle 
equals zero. Getting around this problem re- 
quires adding an intermediate third state, C, to 
the machine (Fig. 3). | 

Now, a positive transition on the B (or A) input 
occurring after repetitive transitions on the A (or 
B) input will send the machine to state C. At state 
C outputs Py and P, both will be LOW (no 
pumping action). Notice here that regardless of 
the initial state, two such transitions on the A (or 
B) input will put the machine into state A (or B) 
signifying that the A (or B) input has the higher 
repetition rate. : 





Fig. 5—State C is easily achieved by adding a NAND gate that 
resets the state A and B flip-flops. This, then, is the basic 
dual-D phase/frequency detector. 


Phasing out your differences 


As the rate of A (or B) decreases to equal B (or 
A), the inputs to the machine will have the phase 
of A (or B) leading the phase of B (or A). This 
results in the same output being held HIGH for 
both higher frequency and leading phase, satisfy- 
ing all of the goals previously stated. 

When the machine is initially turned on, it can 
be in any of the three states. But as soon as two 
consecutive transitions appear on one of the 
inputs, the machine will go to the state with the 
higher input frequency and then alternate be- 
tween that state and state C. Note that only the 
state corresponding to the input line of higher 
frequency will be pulsed HIGH. 

As the frequencies become identical, the width 
of the pumping pulse will be directly proportional 
to the phase differences. And as the phase 
difference approaches zero, the output pulse also 
will become zero. | 

This completes the state diagram for a 3-state 
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PUMP DOWN 


PUMP UP 





Fig. 6—This state-transition diagram explores all possible in- 
put/output conditions of the dual-D flip-flop 3-state circuit of 
Fig. 5. 


phase/frequency detector. Since the dynamic 
characteristics of this particular state map are 
based on positive transitions, implementation 
must be accomplished by using a storage element 
that changes states only on positive transitions. 
Rather than attempt the classical exercise in 
asynchronous machines, the following method 
simplifies the design procedure considerably. 


Okay, bring on the hardware 


Since states A and B respond identically to their 
A and B inputs, the same circuit can be used for 
both, taking advantage of symmetry. Recall that 
once either state has been reached by a positive 
input transition, the circuit’s output must remain 
HIGH for consecutive positive transitions. A 
leading-edge triggered type-D flip-flop with the 
input tied HIGH meets this requirement (Fig. 4). 

In a state C network, if the machine is in either 
state A or B, a transition on the opposite input 
must reset both output lines to ZERO. But when 
the machine is in state A and the leading edge of a 
pulse appears on the B input, both outputs, Q, 


and Q,, will be HIGH. If this condition can be. 


detected and used to set both devices to ZERO 
immediately, then state C has been realized. A 
NAND gate driving the reset inputs of the state A 
and B networks achieves this operation (Fig. 5). 

Comparing the workings of this circuit to the 
final version of the state diagram (Fig. 6), you can 
see that the model has been successfully con- 
structed for all possible input-combinations. This 
state-transition table also indicates all possible 
input/output combinations, thus assuring that no 
‘“‘locked-up” conditions exist. 

The lines labelled ‘‘reset’’ correspond to the 
NAND gate’s resetting flip-flops to ZERO. Out of 
a possible 16 states (two inputs plus two outputs 
= 24), 12 stable conditions exist. Note that the 
four remaining states (Q, and Q,—both HIGH) 
generate an immediate reset back to a stable 
State. Fig. 7 shows the complete frequency/phase 
comparator and the 3-state charge pump 
(controi-voltage generator). 

The digital network used in this realization is 
only one example of an infinite number of 
logic-circuit combinations that can be employed. 
Virtually every major IC manufacturer offers at 
least one device that will perform the digital 
function; and many of the phase-locked loop 
packages available today will use a network 
Satisfying the state-diagram requirements. How- 
ever, the dual-D version just described is the 
easiest to understand, since by choosing an 
edge-triggered type-D flip-flop with negative- 
going reset, we have eliminated many of the 
difficulties encountered in determining a circuit 
by its schematic. 


Applying the concept 
A practical example should put the concept of a 
3-state phase/frequency detector in proper per- 






Fig. 7—The completed 3-state phase/frequency detector 
combines the frequency/phase comparator of Fig. 5 with Fig. 
1’s contol-voltage generator (tri-state charge pump). 


57 





CONTROL 
VOLTAGE 


spective. So let’s consider the design of a digital 
frequency synthesizer in which channel change 
from the low end to the high end of the frequency 
band occurs by changing the modulus of a 
programmable divider, (Fig. 8). 

When the channel change occurs at t = 0, the 
VCO frequency cannot instantaneously change to 
the new desired channel, due to the time 
constant of the system. However, N_ changes 
instantaneously, providing the variable input of 
the phase detector with a sometimes radically 
different frequency. In fact, it is not unusual for 
the variable-channel phase-detector input fre- 
quency to equal five or 10 times the reference 
input frequency at t = 0+. 

The frequency/phase detector will perform the 
desired detection to bring the VCO frequency to 
the new value (NXfier) by applying pulses on the 
proper phase-detector output. This will, in effect, 
incrementally slew the control line to the new 
voltage. The rate at which the “slew’’ occurs— 
hence the time for wide-channel change— 
depends on the average value of the pulse. 
Therefore, attention must be given to the average 
pump voltage (available as a function of frequen- 


FREQUENCY 


REFERENCE PHASE LOOP 
INPUT DETECTOR FILTER OUTPUT 


1 


: 0.5 
(NORMALIZED) 





V. 






VARIABLE 
INPUT 


(b) DUAL-D PHASE DETECTOR AND INTEGRATOR 


1.0 


ave 





1 2 & 4 6&6 &€ FF & 6 6 
ii, 
(c) DUAL-D PHASE DETECTOR CHARACTERISTICS 


Fig. 8—The digital frequency synthesizer (a), one application of 
3-state phase detectors, ranges across the frequency band as 
the modulus of the divider changes. The integrator output (b) 
determines the normalized dual-D phase-detector character- 
istic (c). 
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Vv 


ave 


(NORMALIZED) 


Fig. 9—Quad-D circuit shortens lock time when f, is signifi- 
cantly greater than f,. 


cy) to determine the lock time of the system. Fig. 
8b shows the normalized characteristic of the 
dual-D phase detector and the method of mea- 
surement (Fig. 8c). In the illustrated circuit, Vave 
(normalized) = (1— f,/2f,)—providing the pulses 
are not harmonically synchronous. : 

Note that when f, occurs at a much higher rate 
than f,, the output will be HIGH nearly all the 
time. When f, is very slightly greater than f,, 
however, the output will be HIGH approximately 
50% of the time (over a long interval). 

In typical wide-channel change cases where f, 
= 5f, or 10f,, the average voltage will be above 
90% of the pulse height. So, for this region, Vave 
= Vpuise height IS a reasonable approximation. In 
fact, whenever f, > f, (or vice versa), it is generally 
useful to assume that Vaye = Vpuise neignt aS a first 
approximation—and realize that this performance 
can never be achieved. The actual error will 
depend on the initial frequency ratio, but magni- 
tudes of 10 or 20% are typical. 
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Why not save some “time’’? 


Fig. 9 shows a configuration that speeds up lock 
time by clamping the proper output line HIGH 
when f, = 2f, + €. This quad-D contains two 
additional storage elements. In combination with 
the action of the dual-D configuration, these 
added elements maintain the proper output 
HIGH as soon as three consecutive pulses appear 
on one input between two pulses on the other 
input. 

The quad-D system performs as a normal 
dual-D for phase detection when alternating 
pulses are present, and it transitions into the 
expanded region as f, approaches 2f,. When f, > 
2f,, the normalized output voltage is the full 
pump-pulse height. This results in a much better 
approximation for calculating lock time when 
large frequency steps are involved. ° 

Quad-D implementation is such that it is a 
direct replacement for the dual-D version. Since 
the phase-detector gain for a phase-locked loop 
(V/rad) is calculated only when the two input 
frequencies are identical (differing only in phase), 
the gain remains the same. For a small maximum 
channel change where f,(max.) = 1.5f,, no 
noticeable operating difference exists. In systems 
where f, = 5f, or 10f,, however, the quad-D 
significantly improves lock times, with the magni- 
tude of the improvement depending upon the 
initial frequency separation. © 
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Reduce 
ECL system noise 
with off-board 

voltage and 
ground distribution. 











MINI BUS does it... 


Benefits of Rogers Mini/Bus 
start with design time (lots less 
for PC boards with ECL 
circuits) and keep going: 





™ Eliminate cost of multi-layer 
boards 

M Give higher packaging 
density 

@ Reduce system noise 


For design data, details of the 
many versions of Mini/Bus (full 
card matrix, vertical strips, 
horizontal strips), and data on 

why Mini/Bus reduces noise 

and lowers costs, contact 

Ray Jodoin at: 


Rogers Corporation 
Chandler, AZ 85224 
(602) 963-4584 


EUROPE: Mektron NV, Ghent, Belgium JAPAN: Nippon Mektron, Tokyo 





For more information, Circle No. 36 
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No matter how large your byte, you 
think “‘little’ to reduce space and wel 
why TRW/Cinch microminiature Dura 
nectors offer so much food for thought 
The trim microminiatur 

Dura-Con connectors i: 


stacking .07 


grams of strips with .050” centers supp 


contact positions in a single square 
types are available from TRW/Cinch dis 
Besides high contact density, the unique 
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Five tough questions 


8080A competitors. 


1. Do you have an 8K Electrically 
Erasable PROM? You know, like 
NEC Microcomputer’s wPD458 
that’s compatible with 2708’s but 
can be erased in 1 minute, pro- 
grammed in 80 seconds, only 
needs two voltages for reading and 
programming, has conventional 
packaging, a guaranteed data 
retention time of 10 years, and an 
access time of 450/650ns, making 


it the first practical non-volatile 
RAM storage. | 


2. Do you have a Universal Syn- 
chronous Receiver/Transmitter 
Data Communications Controller? 
You know, like NEC’s wPD379 with 
SDLC capacity up to 50K baud. 


3. Do you have a 450ns 16K 
ROM? You know, like NEC’s 
PD2316A that’s pin compatible 
with other 2316As but has the 
speed to match the 8080A. 


4. Do you have a Floppy Disk 





‘Micro 


to askour 


Controller? You know, like NEC’s 
4£PD372 that can control up to four 
IBM 3740-compatible drives. 

3. Do you have a Tape Cassette 
Controller? You know, like NEC’s 
/£PD371 that can control up to two 
cassette drives with International 
Standard Data Format. 

Go ahead, ask any competitor you 
like. What you'll find is that if you 
want these super 8080A peripher- 
als, you'll simply have to come to | 
NEC. 


And when you do, you'll also be 
dealing with an 8080A supplier with 
complete applications support — 
plus the full range of 8080A prod- 
ucts listed. 

Any more tough questions? 

Your NEC rep or distributor is 
waiting to put you at ease. 

NEC Microcomputers, Inc., 

Five Militia Drive, Lexington, MA 
02173. 617-862-6410. 


PD8080A 
PD8080A-E 
PD8080A-2 
APD8080A-1 
wPD411 
@PD5101-E 
@PD2101AL 
wPD2102AL 
wPD454 
PD2308 
bPD369 
wPD758 


uPB8212 
uPB8214 


uPB8216 
uPB8224 


uPB8228 
uPB8251 


f@PD8255 





2.0 MHz MPU 
1.25 MHz MPU 
2.5 MHz MPU 
3.0 MHz MPU 
4K DYN-RAM 
1K STATIC RAM 
1K STATIC RAM 
1K STATIC RAM 
2K EE PROM 
8K Mask ROM 
UART 

Sieko Printer 
Controller 

I/O Port 

Priority Interrupt 
Controller 

Bus Driver 

Clock 
Generator/Driver 
System Controller 
Prog. Comm. 
Interface 
Peripheral Interface 
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HIGH EFFICIENCY 
SWITCHING POWER SUPPLIES 









Features of Lambda LJ-11 series 
high efficiency switching power supplies 


7 models, efficiency greater than 70% 


up to 20 Amps, up to 28 volts 
20 KHz switching 


convection-cooled, no fans or 
blower necessary 


serviceability-designed for ease 


built in OV shuts down inverter 
of field repair 


and crowbars output voltage 


power failure hold-up time: 16msec 
AC input 105-132 VAC 

reg — 0.4% 

ripple — 10m V RMS 


guaranteed for 1 year 


LJS-11 VOLTAGE AND CURRENT RATINGS 
AC INPUT 105 - 132 VAC; 47-440 Hz 





DC OUTPUT REGULATION RIPPLE MAX AMPS AT AMBIENT OF 
MODEL VOLTS (LINE, LOAD) (mV RMS) 4G ED'S 60°C. IO PRICE 
LJS-11-5-OV 5 + 5% 0.4%, 0.4% 10 20.0 20.0 16.0 CHO $220 
LUS-11-6-OV 6 + 5% 0.4%, 0.4% 10 16.7 16.7 133 9.2 $220 
LJS-11-12:0V 12 + 5% 0.4%, 0.4% 15 8.3 8.3 6.6 4.5 $220 
LJS-11-15-OV 15 + 5% 0.4%, 0.4% 15 6.7 6.7 5.3 3.7 $220 
LJS-11-20-OV 20 + 5% 0.4%, 0.4% 15 5.0 5.0 4.0 2.7 $220 
LJS-11-24-OV 24 + 5% 0.4%, 0.4% 15 4.2 4.2 i 2.3 $220 
LJS-11-28-OV 28 + 5% 0.4%, 0.4% 15 3.6 3.6 2.9 2.0 $220 
CONDENSED SPECIFICATIONS OF LJ SERIES 
DC output Storage temperature Input and Output 


range 
55°C to 85°C 


voltage range shown in tables 


Regulated voltage 


regulation line 
0.4% for 105 to 132VAC 


regulation load 
0.4% for O to full load 


Overload protection 
Thermal 
thermostat. 


automatic reset 
when over-temperature condition 


connections 


heavy duty thermal block on rear 
of chassis 


Overvoltage protection 


built-in fixed over-voltage pro- 
tector-standard 


Pe 


ripple and noise 10mV_ RMS, is removed 

50mV p-p for 5 and 6V units, : 

15mV RMS, 100mV p-p for 12 to _ Electrical 3 
28V units external Overload protection: 


remote programming resistance 
1000 ohms/volt 






automatic factory preset elec- 
tronic current limiting circuits 





remote programming voltage 


volt per volt. Cooling 


Temp coeff convection 


0.03% per °C 


AC input 
line - 105-132VAC 47-440Hz 


DC input 
145VDC + 10% 


LUS-11 im 


Efficiency 
greater than 70% 


Ambient operating 
temperature 


continuous duty 0-71°C 


LAMBDA 


ELECTRONICS 


DIVISION of leeco INSTRUMENTS INC 
® 


515 BROAD HOLLOW RD., MELVILLE, L.!., NEW YORK 11746 








Switching Power 
Supplies come in 
6 power packages 
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matter of life or death. The 
2484 and 2N3799, the transistors 
used by most pacemaker manufac- 
- turers, were designed in the late 
~ 1950’s. Technology has since passed 
them by. 

Introducing the Hybrid 
ACPA AR VA) Beit 
rim Cle) eater laminas! 
chip design... 

These parts have been redesigned 
by Semicoa for hi-rel applications, 
rperepaecebtetommotetectalemiceteycclilestaceyi mative! 
space flight applications. By applying 

- up-to-the-minute technology, we 

_ have eliminated the problems of 

_ the old standbys. 

: The improvements? Easier 

- handling with larger bonding pads. 
_ Flatter beta over greater current 

~ swings. No more shorts, metal fatigue 
‘and microcracking. Passivated and 

completely SEM qualified. 

For your next critical design, 
consider the advantages of using 
a Semicoa chip. Semicoa offers over 
sixty different NPN and PNP chips, 
and over 1,000 discrete transistors 
for your many applications. Each 

are precisely engineered and manu- 
factured with the personal care and 
B ait-ia Cente Colticmclaccslaceyemeyel vars! 
specialized company can give. And 
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latest technology to custom devices 
too. Call or write today to find out 
at Semicoa can do for you. 
3 McCormick Avenue, Costa Mesa, 
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We’ll take you places you’ve never been 


For more information, Circle No. 39 EDN SEPTEMBER 20, 1976 





MONITOR/DEBUGGER saves time 
when checking wP software 


Moving on to the final steps of application program development, its 
proper execution is evaluated using MONITOR/DEBUGGER programs. 


Bruce Gladstone, Microkit, Inc. 


Operation of the MONITOR/DEBUGGER will be 
explained by using it to execute a sample program 
on our development station hardware. This 
application program was developed with the aid 
of the EDITOR in Part 1 of this mini-series (EDN 
June 20, 1976) and then translated from assembly 
language into machine language with the ASSEM- 
BLER in Part 2 (EDN September 20, 1976). 

Our sample application program, in case you 
have forgotten, moves a string of ASCII bytes 


uw 
re 
te 
Lu 
WY 
n 
< 
O 





INPUT CASSETTE 


{LOADS MONITOR 
AND APPLICATION 
PROGRAMS INTO RAM) 












"S080" = 74 
INTERRUPT VECTORS 
APPLICATION 
PROGRAM 


constituting a sentence (ending with a period) 
from one area of RAM, INBUF, to another area 
OUTBUF. 


i 


Software tools load automatically 


The MONITOR/DEBUGGER program is loaded 
into the development station in the same fashion 
as the EDITOR and ASSEMBLER before it (Fig. 1). 
In my system, this software tool is also stored on 
its Own cassette. (cassette-3 according to the 


AAW 


CRI DISPLAY 
(DISPLAYS RESULTS OF 
MONITOR’S RUNS OF 
APPLICATION PROGRAM) 











8k RAM 
Rais KEYBOARD 
si. (USED TO ENTER COMMANDS 
ROM —> BOOTSTRAP LOADER TO MONITOR} 





Fig. 1—General-purpose development station is transformed 
into a “test bed” for running application programs when the 
MONITOR/DEBUGGER program is loaded in from its cassette 
(Cassette-3). At this stage of the project, mainly application 
software is being checked out. Though the application 
program is running on the same basic hardware that will be 
used in the end application, the configuration of peripheral 


DEVELOPMENT STATION 


devices and memory is probably not identical. It's best, 
however, to first check the application software on hardware 
that is known to be correct—assuming that the development 
Station is in 100% perfect operating condition—than to have 
the double confusion of trying to run preliminary software 
that is full of bugs on breadboard hardware that Is similarly full 
of bugs. 
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inventory list of cassettes shown in Table 1). This 
cassette is inserted into the input transport and 
the load button above the keyboard pressed. The 
development station uses its short 256-byte 
resident bootstrap-loader program (in firmware 
or ROM because it will always be needed) to 
automatically load the 3k-byte MONITOR/ 
DEBUGGER program. 

This program informs the bootstrap loader to 
start loading it at RAM location hex 1000 (or 
X‘1000’). This application program, as illustrated 
in Part 2, similarly informs the bootstrap loader to 
start loading it at location hex 100 (or X‘100"). 
That’s where the ASSEMBLER set up the initial 
address in response to the ORG pseudo instruc- 
tion. We did not mention it in Part 2, but this 
location was purposely chosen so that the appli- 
cation program would land in an unoccupied 
region of the development station’s memory 
space and not conflict with regions used by the 
MONITOR/DEBUGGER, the bootstrap loader or 
the symbol table (if that were retained from the 
ASSEMBLER stage). As seen in Fig. 1, the MONI- 
TOR/DEBUGGER resides into a higher address 
region of memory space than does the applica- 
tion program. 

At the end of a short 30-sec load operation, the 
general-purpose station has been transformed 
into a system that can run and modify application 
programs, as directed by the user through 
keyboard-entered commands. This system can 
MONITOR the running of application programs, 
let the user find the inevitable bugs buried in 
those programs, and make changes that will 
DEBUG those bugs. 

The application program is then loaded from its 
cassette (cassette-C) into the development station 
by the same process. Both loading processes will 
next automatically direct the respective programs 
to their proper places in the development-station 
RAM. The programs in the cassettes carry their 
own memory location information to prevent 
conflicts with each other. 


Operating features of MONITOR/DEBUGGER 


Before trying to execute the application pro- 
gram, we had better discuss some features of the 
MONITOR/DEBUGGER. What does the display 
mean? What commands are available? How and 
when does the user employ them? It’s a waste of 
time to try using a computer-software develop- 
ment package like this without understanding it: 
One must be able to give it commands that it 
comprehends. 

Don’t be overly dismayed by the growing 
proliferation of EDITORS, ASSEMBLERS and 
MONITOR/DEBUGGERS now available, each with 
its own set of commands. Literally hundreds of 
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these software development tools are available 
on the market (and additional ones pop up with 
every new pP and uP support system). Fortunate- 
ly however, most of them have a family resem- 
blance with each other. 

The software ‘‘designers’”’ who create these 
tools try to follow terminology patterns of estab- 
lished industry leaders, like IBM and DEC (and 
now Intel), not unlike having one common-root 
tongue with many local dialects. 


Flow charts show interactive interplay 


The flow chart for the MONITOR/DEBUGGER 
program is shown in Figs. 2a and 2b. Fig. 2a flow 
charts the command-scanner portion of the 
software, while Fig. 2b details the routine for one 
command, DISPLAY. Quite a similarity is apparent 
between this flow chart and that for the EDITOR 
in Part 1: Both programs have a high degree of 
man-machine interaction. The machine continu- 
ally shows you its current status and you continu- 
ally tell it where to go next. 

Fig. 2a indicates that the MONITOR/DEBUG- 
GER will respond to 15 user commands. Three, 
CONTROL-A, CONTROL-B and CONTROL-E, are 
immediately executed commands and are excep- 
tions to the general requirement that a depres- 
sion of the CR key is needed as a go-ahead signal. 
Respectively, they roll the CRT memory display 
forward eight locations, backward eight loca- 
tions, and SINGLE-STEP the program. 

The flow chart for the DISPLAY command, Fig. 
2b, is rather simple. The latter must have an 
argument, for the system must be told what 
location to display. In my system, this argument is 
first checked for a ‘’$’’ character. If the user has 
typed in a ‘’$’’, the system recalls the previous 
location. A one-level stack for the DISPLAY 
command exists to permit implementation of the 
“$’’ recall function by swapping the contents of a 
location called ADDR with that of one called 
ADDRS. The ADDR and ADDRS contain present 
and previous values of the display locations. 

If the argument is not a “’$’’, then a routine, 
PARM,, is called to convert the argument into hex 
form. My MONITOR—in common with many 
others—allows you to enter an address in either 
hex or ASCII form (some systems also permit 
address insertion in decimal form). This system 
also allows you to key in the address argument as 
an arithmetic expression that the MONITOR must 
finish computing. 

For example, you can use plus and minus signs 
to specify relative or offset addresses. This is 
more helpful than it might seem because the 
computations, though simple, must be done in 
hex, which can confuse even highly experienced 
programmers. You can also specify indirect 
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{a) 


CLEAR USER STACK 
SET MEMORY PROTECT REGISTERS 
SEND REWIND MESSAGE 





_ BREAKPOINT 
one 









PUSH PSW, BC, D-E, H-L ONTO USER STACK 
SAVE USER STACK POINTER 





COMMAND SELECT 


CALL KEYBOARD INPUT 


n) CALL 
EXECUTE 
SINGLE 
STEP 


NORMAL RETURN 


SET > _ ONBOTTOM LINE (COMMAND REQUEST) 
GENERATE DUMP DISPLAY 





INITIALIZE DISPLAY—PUT CURSOR AT LOCATION ZERO 
















CALL 
BREAKPOINT 





CALL 
CONTROL 





(b) 





CALL 
EXECUTE 


CALL 
FIND 


CALL 
LOAD 


CALL 
LOAD 





SAVE LAST DISPLAY ADDRESS | 


CALL 
STORE 


H-L REGISTERS HAVE 
ADDRESS OF ARGUMENT 

CALL : 

TRACE EXECUTE 


RETURNS WITH DISPLAY 
ADDRESS IN DE 


CALL 
WRITE 

ADDR GETS PRESENT 
CALL DISPLAY ADDRESS 


PROTECT CHANGE 


CALL 
SET REGISTERS 


UNRECOGNIZED 
COMMAND 
RETURN 


Fig. 2—The flow diagram for parts of the MONITOR/DEBUG- 
GER shows this program full of man-machine interaction, like 
the EDITOR program in Part 1. The MONITOR/DEBUGGER’s 
command scanner is illustrated in (a) while the routine that 
implements the DISPLAY command is shown in (b). 
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addresses, or type in a symbol (if the ASSEM- 
BLER’s label table is either still in RAM or has been 
read back into RAM). The routine called PARM 
performs all expression evaluation. (Fd. Note: A 
tradeoff occurs in the usefulness of features like 
this, as they demand that you either learn them by 
heart or continually break your train of thought to 


look them up in the supplier’s MONITOR/DE- 
BUGGER manual.) 


DEBUGGER first evaluates the expression that 
forms the argument, and then starts executing at 
the resulting address. 

DISPLAY: A command is also required that 
permits you to select the particular memory byte 
to be displayed in the central region of the CRT 
screen. The MONITOR evaluates the argument 
expression for DISPLAY and places the cursor at 
that location. As a bonus, it also gives you a dump 
of adjacent memory locations ahead and behind 
that location. This is a time-saving feature, for it 
allows you to confirm the correctness of the exact 
location you’re viewing, or question the contents 
of adjacent locations. 

Decided benefits of the newer CRT displays 
over previous teletype printouts include greater 
speed and a much wider “window” through 
which you can view the insides of LSI chips. 

STORE: In order to get the inevitable ‘‘bugs”’ 
out of an application program, you must be able 
to make appropriate changes. The STORE com- 
mand lets you patch in changes quickly—in 
hexadecimal format in my system (typical with 
most available wP MONITOR/DEBUGGERS). 
Thus, you don’t have to first reload the EDITOR 


There’s three essential MONITOR commands 


A minimum of three basic commands are 
needed for any debugging task: EXECUTE, DIS- 
PLAY and STORE. They will be explained in terms 
of their sequential use for a typical “run’’ of the 
application program. 

EXECUTE: Obviously, you need a command to 
make the development-station P jump from the 
MONITOR/DEBUGGER program that it is normal- 
ly running to the application program and start its 
execution. In my system, keying in “E” for 
EXECUTE (invariably the commands in these 
systems are entered as one- or two-letter abbrevi- 
ations), with no argument, causes the uP to begin 
executing the program at the address where the 


cursor is pointing. The wP in the application 
station then starts fetching and executing the 
contents of that memory location. 

Naturally, for the execution to be meaningful, 
the program counter (PC) must also point at this 


and then the ASSEMBLER into the development 
station just to change a few bytes of application 
code. 

You can also use STORE to change any test-case 
data that was placed into memory for the 


same location. Additionally, this location must be 
the proper first byte of a valid instruction. When 
an argument follows EXECUTE, the MONITOR/ 


application program to operate upon (like the 
ASCll-coded text our sample program stored in 
INBUF). 


1—CPU REGISTER DISPLAY (BITS IN FLAG REGISTER IDENTIFIED INDIVIDUALLY) 
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2_-MAIN MEMORY ADDRESSES 5—COMMAND ENTRY LINE FOR MONITOR/DEBUGGER 





(@) 


Fig. 3—A complete look inside the .P system’s LSI chips, Fig. 4—The user checks that his application’s object code was 


particularly for small application routines like the 21-byte 
example, is provided on the development station’s CRI by the 
MONITOR/DEBUGGER. The five elements of the display show 
the user: what is inside the uP CPU itself (element 1): memory 
addresses being read out (element 2); the contents of those 
memory locations (elements 3 and 4); and finally the next 
MONITOR/DEBUGGER command entered by the user (ele- 
ment 5). 
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duly entered by asking for location X‘100’ to be displayed (see 
element 5, Fig 3). The cursor mark at the center of the memory 
readout guides the user’s eye to X‘100’ and there he sees the 
start of his 20 bytes of object code. 
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Advanced commands speed debug procedure 

Other MONITOR/DEBUGGER commands in 
more elaborate and expensive systems give you 
important additional capabilities. The two most 
valuable of these are BREAKPOINT and SINGLE- 
STEPPING. In addition, many advanced MONI- 
TOR/DEBUGGERS now on the market have some 
sort of TRACING ability. 

BREAKPOINTS: Being able to set BREAKPOINTS 
is probably the most powerful debugging capabil- 
ity of all. Instéad of simply running the applica- 
tion program straight through from beginning to 
end, you set BREAKPOINTS at critical junctures. 
Then the pP will stop when it hits these locations 
and automatically branch back to the MONITOR/ 
DEBUGGER program. BREAKPOINT can tell you 
two things about the execution of your applica- 
tion program: First, you can see whether the pP 
reached that portion of program where the 
BREAKPOINT was placed (all too often a bug 
causes the wP to skip over whole routines or hang 
up in a loop). Second, if the BREAKPOINT is 
successfully reached, you can then examine at 
leisure the state of the system at that point. 

Typically, BREAKPOINT will be implemented 
through one of the wP’s own interrupts (i.e., via 
hardware). This way the contents of the CPU 
registers can be saved in specially assigned 
memory locations reserved for this purpose 
before the pP reverts back to executing the 
MONITOR/DEBUGGER. 

You should start off a debugging session by 
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putting BREAKPOINTS between major sections of 
the application program, an efficient initial ap- 
proach to checking out a new program. When 
you know a bug exists somewhere in the pro- 
gram, but have no idea where, a good procedure 
is to begin by inserting a BREAKPOINT in the 
middle. The DISPLAY produced by that BREAK- 
POINT enables you to determine whether the bug 
is in the first or second half of the program. You 
can then set another BREAKPOINT in the middle 
of that half, and further localize the bug down toa 
quarter of the program. In this manner you 
continually narrow the bug’s location to a man- 
ageably short stretch of code. This procedure is 
analogous to a binary or two-valued search. 

SINGLE-STEPPING: In situations where you 
have narrowed a bug down to a small area, but it 
still remains elusive (and for a beginner some of 
these bugs can be unbelievably so, even when 
they stare you in the face), it’s desirable to switch 
execution to a SINGLE-STEP mode. Then you can 
manually step through the sticky region, 
instruction-by-instruction, and literally watch the 
PC and other CPU registers in detailed slow- 
motion action. 

SINGLE-STEPPING is, of course, only practical 
for examining small segments of a program 
because it takes so long. Even in an application as 
short as our ‘‘move-sentence”’ example, it takes 
several tens of seconds to SINGLE-STEP through 
the complete program because of the multiple 
traverses of the loop. You will probably step 
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ASCII REPRESENTATION OF INBUF 
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Fig. 5—Looking at the INBUF region of RAM, the user checks 


whether it is properly filled with the text data that he will need 
to exercise his application program. By calling up location 
X’300' to be displayed, he now has the data in ASCII form 
(element 4 over in the right-hand side of the CRI readout). 
This auxiliary ASCII interpretation is useful because the 
English text can be read directly off the CRT screen. 


Fig. 6—Areas of memory not available to the user are flagged 
by special markers. If he accidentally asks for a display of the 
RAM region that contains one of the system software tools or 
system utilities, the display will automatically alert him by 
placing memory-protect markers by these addresses (the 
asterisks). Here the user is looking at the first locations of the 
MONITOR/DEBUGGER itself. In RAM-based development 
systems, the software tools must be so protected—otherwise 
they will most likely get wiped out by application programs 
that go astray. 
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through the segment several times, first to pick 
up the patterns of change in registers and 
memory locations of interest, and then to analyze 
whether those patterns make logical sense. 
TRACING: If the development system can make 
TRACES, you can return after the fact and look at 
events that led up to the BREAKPOINT. In the 
TRACE mode, the MONITOR/DEBUGGER stops 
program execution after each step and STORES 
the CPU registers’ states at that step. This slows 
execution a bit from full »P operating speed, but 
has little detrimental effect at this stage of 
program development. (It might make a differ- 
ence, however, when you interconnect the devel- 
opment station to the actual end-product bread- 
board, especially if the system is supposed to be 
interacting with external equipment in real time.) 
The MONITOR/DEBUGGER continuously push- 
es these saved values from each step onto a 
hardware-save stack, thus the number of past 
steps saved depends on the depth of that stack. 
This system saves the values from the last 20 
steps. Some MONITOR/DEBUGGERS save up to 
several hundred past steps, but trade off the 
number of register values saved at each step. 
However, | believe that it’s more important to 
have the values of all CPU registers available at 
each step. You rarely know exactly what informa- 
tion you'll need beforehand; you’re often looking 
for a pattern that may exist between several 
registers. Again, an advantage of CRT displays is 
that they present an instant panoramic view of the 





however, have the complete file of hard-copy 
records that TTY’s bang out so generously. These 
are useful for checking a previous day’s runs. 


CRT tells all, if you know what it says 


Next on the list of priorities is understanding 
the CRT display. Fig. 3 shows a typical display in 
this system consisting of five different elements. 
This particular display is presented after loading 
both the MONITOR/DEBUGGER and sample ap- 
plication program, but before entering any 
commands. 

The top element is a dump or readout of the 
CPU registers. These include the program count- 
er (PC), stack pointer (SP), flag register (F), 
accumulator (A), and the six general-purpose 
register pairs (B and C), (D and E) and (H and L). 
The alert reader may ask, ‘Since the one lone wP 
in this development station must alternately run 
both the MONITOR/DEUBGGER and the applica- 
tion program, won’t the registers sometimes 
reflect the operation of the MONITOR/DEBUG- 
GER program rather than the application pro- 
gram?” The answer is that register values are only 
taken from the application program at the time it 
is interrupted by BREAKPOINTS. 

In Fig. 3, the values represent initial conditions, 
for no execution of the application program has 
occurred at this point. The PC has been initialized 
to X‘100’, the SP to X‘1000’ and everything else to 
zero. When the application program is first 
executed, these will be the values jammed into 
the respective CPU registers. The value X‘100’ for 


history of the system’s operation. You will not, 
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Fig. 7—Here the user has asked for the location of the symbol 
LOOP to be displayed (cursor points at X‘106’). In this system, 
memory readouts are always lined up in 8-byte groups so the 
user can quickly orient himself. The bottom line on the screen 
shows that the user has entered a “B’, or BREAKPOINT 
command. This sets the first of the system’s four possible 


BREAKPOINTS (S1) at the X‘106’ location where the cursor is | 


pointing. 
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Fig. 8—The user knows that his BREAKPOINT has been set 
because the FF code for the 8080’s software breakpoint 
instruction, RST-7, appears at location X‘106’. He then enters 
the command E$ which tells the system to start EXECUTING at 
the address given by the current contents of the PC, or X‘100’. 


EDN ‘SEPEEMBER 20, -1976 


the PC was set back in Part 2 by the ASSEMBLER 
and loaded along with the object code from 
cassette-C. The last instruction in that application 
program was one with the argument MOVE. 
MOVE, in turn, referenced the label in the symbol 
table (whose value was X‘100’) that told the 
MONITOR/DEBUGGER where to start executing 
the application program. Initialization of the PC 
to X‘100’ represented the MONITOR/DEBUGGER 
carrying out that order. Thus it was possible to 
preset commands for the MONITOR/DEBUGGER 
execution of the application program back at the 


ASSEMBLER stage. 

Another such advance setting of a MONITOR/ 
DEBUGGER command was the insertion of the 
RST-7 instruction at line 113. This will now be 
used to stop the execution of the application 
program and send control back to the MONI- 
TOR/DEBUGGER. The RST-7 instruction could 
have been left out for insertion during the 
MONITOR/DEBUGGER runs, but since you know 
you will always want a stop at this point, it makes 
sense to insert it while in the ASSEMBLER mode. 
Of course, these types of instructions would not 


be retained in the final product’s program. 

The SP is also initialized during the MONITOR/ 
DEBUGGER loading processor and points at 
location X‘1000’ which is the top of the user area 
in the development station’s RAM. The SP should 
be as high in memory as possible because the 
stack will grow downwards when bytes are 
pushed onto it. 

The 21 lines in the center of the CRT display, 
elements 2, 3 and 4 in Fig. 3, represent a main 
memory dump. Along the left-hand edge (ele- 
ment 2), are main memory location addresses in 
hexadecimal notation. They apply to the first 
location in each line and are spaced eight 
locations apart. In the center of the screen 
(element 3) are eight columns showing the 
contents of these locations, also in hex form. The 
leftmost column is the address given for that line. 

Along the right-hand side of the screen (ele- 
ment 4) the eight columns of data are repeated, 
but this time translated to ASCII characters. There 
is nothing selective about which bytes are con- 
verted to ASCII; any value between hex 20 and 60 
(the standard 64-character ASCII set) is routinely 
converted. Nevertheless, users find they can scan 
this section of the display and quickly pick out 
what they are looking for. 

In Fig. 3, the display has been initialized to 
location zero, pointed out by the “>” character 
used as the cursor. The contents of the zero 
location happen to be ‘C3’, the beginning of a 
JUMP instruction used by the MONITOR/DEBUG- 
GER. FD and DB, located at one and two, make up 
the DBFD location to which the JUMP will be 
made. 

The 8080’s reset signal now causes it to fetch 
the first instruction from location X‘100’. JUMP at 
this location will then vector the 8080 into the 
MONITOR/DEBUGGER. 

In much the same way as with the EDITOR, the 
cursor character is the visual pointer that tells you 
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Fig. 9—EXECUTION of the application program has halted at 
the BREAKPOINT, indicated by PC reading X‘107’, one 
location beyond the BREAKPOINT set in Fig. 8. The user can 
now see whether proper initialization occurred by examining 
the contents of CPU register pairs D-E and H-L. It did because 
they contain 0400 and 0300. Satisfied, the user resets the 
BREAKPOINT by the command BR and, as seen in the next 
illustration, the proper application code is returned to 
location X’106’. 


e828 8 ow 
eee eee © 
*n & 8 & 8 eR 
ee 
= 2 8 8 #8 ee 
_* @ = 2 £8 8 ee 
ee 


- 
f 


ase he 8 et 
fee ene 
Oe 
seen ane ee 
sewn ee ae 
on = © we Oe & 
xe ee 8 8 8 
ae eumenan 
<< se © & & & 
e268 8 8 8% 8 


TATA TTT TTT 


£22 ER EH 


«86 
F 
E 

2 
2 
2 ae 





"een en a 8 


“= “~~ BEGIN EXECUTION AT CURSOR LOCATION 


Fig. 10—The user can continue EXECUTION of the application 
program now that the proper application code is back in 
location X‘106’. He enters “E’ without an argument to 
command the continuation (see Fig. 11). 


where you are in the program. Also displayed are 
80 locations on each side of the cursor. You might 
wonder, in this case, what is displayed above the 
cursor, which is pointing to location zero (C3). 
This is, in fact, the very top of memory space 
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where the first lines of the 256-byte loader 
program reside. 

At the very bottom of the CRT display (element 
5) is the MONITOR/DEBUGGER’s command-entry 
line, as it was for the EDITOR. A common feature 
found in this type of man-machine system is for 
the machine to echo your input command as you 
keyboard it in, but not execute it until you give 
the go-ahead, typically by pressing the CR key. 
This lets you correct entries before they are 
executed. 


Debugging the sample application program 


Now that we have explained the main features 
of the MONITOR/DEBUGGER, we are ready to 
use this tool to check out our sample application 
program. The illustrations from Fig. 3 onward give 
a running history of what the MONITOR/DEBUG- 
GER CRT display will look like as we do this. With 
these illustrations, you can follow the debugging 
progress almost as if you were in front of the 
development station itself. 

As with the EDITOR, the command entered on 
the command-entry line at the bottom of the 
display in one illustration will produce the results 
seen in the following one. For example, in Fig. 3 
the command D100, the shorthand abbreviation 
for ‘‘DISPLAY location 100,” has been entered. 
Then in Fig. 4, results of the MONITOR/DEBUG- 
GER carrying out this command appear on the 
screen. The contents of the 168 bytes of memory 
with location 100 in the center is displayed with 
the display cursor pointing at the requested 
location, X‘0100’ (hex notation). 

The user requested a display of location X‘0100’ 
to check that his application program is entered 
in the development-station memory. The applica- 
tion program is there, as Fig. 4 shows, from 
locations X‘0100’ to X‘0113’ in its final object-code 
form as generated by the ASSEMBLER in Part 2. 

Next, the uSer will key in the D300 command 
(shown at the bottom of Fig. 4) to check that 
INBUF contains the sample text to be used when 
trying out the application program. And in Fig. 5, 
you can see that INBUF has been properly 
entered. Here, you can also look to the right- 
hand ASCII representation, because it is naturally 
easier to understand. 

Now suppose the user is not too familiar with 
this particular system and wants to see if a certain 
region of memory is free to use. He then keys in 
D1000 to display that region (D1000 is entered at 
the bottom of Fig. 5). In Fig. 6 you quickly see that 
at X‘1000’ he runs out of free RAM and into a 
protected area (asterisks alongside the address 
column to the left of the CRT display indicate 
protected and unavailable locations). This system 
achieves such protection through a combination 
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of hardware and software techniques. Most 
systems that put their software tools in RAM 
(rather than ROM) find it essential to provide 
such protection. 

Now to quickly return the display to his 
application program, the user types in D#LOOP 
(bottom of Fig. 6). He is taking advantage of the 
fact that the symbol table, generated during the 
ASSEMBLER processing of Part 2, is still in the 
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Fig. 11—The system completes the EXECUTION of the sample 
program. PC is now 0114, pointing at one location beyond the 
RST-7 instruction that terminates EXECUTION at the end of the 
program. The accumulator (A) contains the 2E value used in 
the comparison that determined when the ASCII code for a 
period was reached in the string of text data brought in from 
INBUF. D-E and H-L pointers have incremented to X‘040E’ and 
X‘030E’ respectively, for they were indexed 15 times in the 
process of getting to the ASCII period in INBUF. Note also that 
the flags at the top of the CRT display have been altered by the 
program execution. 
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Fig. 12—Calling up a DISPLAY of OUTBUF at X‘0400’ is a final 
check that EXECUTION of the application has been fully 
carried out. The ASCII representation to the right shows that 
the sentence has been moved. Compare OUTBUF with INBUF 
back in Fig. 5 to see that the characters following the period 
were not moved. | 
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development station’s memory. He only has to 
remember the label LOOP to recall that part of 
the program. (He should remember LOOP be- 
cause it was one of the nicknames he created to 
describe a part of his program.) 

Fig. 7 shows how this symbolic address, LOOP, 
gets the application program back on the CRT 
screen. Note that the cursor is now pointing at 
location X‘106’, the symbol value for LOOP. The 
user decides to set a BREAKPOINT here for his 
first run of the application program. This BREAK- 
POINT allows him to see if the first two initializa- 
tion instructions of the application program 
produce the desired setups of CPU pointer 
registers. 

B S1, keyed in at the bottom of Fig. 7, shows 
how he enters the BREAKPOINT command. The B 
is shorthand for BREAKPOINT and the S1 means 
BREAKPOINT #1 has been set (up to four BREAK- 
POINTS can be set at one time in this system). No 
argument is needed because the MONITOR/DE- 
BUGGER puts the BREAKPOINT where the cursor 
iS pointing. 

Fig. 8 shows that the BREAKPOINT command 
caused the 7E in location 106 to be replaced with 
FF. The FF code is the 8080’s RST-7 or software 
interrupt instruction. It causes the 8080 to jump to 
location X‘38’ (as shown in Fig. 3) where the JUMP 
(code C3) to location DBFE occurs. This is in the 
MONITOR/DEBUGGER program, thus the FF 
code causes an unconditional jump out of the 
application program and into the MONITOR/DE- 
BUGGER program. 

The user enters the E$, shown at the bottom of 
Fig. 8, to EXECUTE the application program. The 
‘$’’ argument requests that this EXECUTION 
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Fig. 13—The EDITOR has been reloaded into the development 
station and the application source program read back from 
cassette-B. 





begin where the PC is currently pointing; in this 
instance at location X‘100’ which happens to be 
the start of the application program. Fig. 9 shows 
that the EXECUTION got as far as the BREAK- 
POINT at location X‘106’ before reverting back to 
the MONITOR/DEBUGGER and producing the 
display show. The PC is X‘107’, one location 
beyond the 106 BREAKPOINT which is where it 
should be. 

You can see by the contents of CPU register 
pairs D-E and H-L at the top of the CRT display 
that the first two instructions of the application 
program (first six bytes) did produce the proper 
initialization. Pair D-E contains 400 and pair H-L 
contains 300, so they are properly set up to point 
to the beginning locations of OUTBUF and 
INBUF, respectively. 

Satisfied that initialization is correct, the user 
removes the BREAKPOINT from location X‘106’ 
with the BREAKPOINT RESET (BR) command entry 
(Fig. 9). Fig. 10 shows the program restored to its 
original form. (Ed. Note: Author Gladstone is of 
the opinion that normally the user will only want 
to set one BREAKPOINT at a time. Although his 
system permits up to four BREAKPOINTS to be set 
simultaneously, Gladstone feels that most users 
will find it difficult to keep track of what they are 
doing if they set multiple breakpoints. Thus, the 
BR command resets all BREAKPOINTS.) 

For the program to run to completion, the user 
enters just ‘E’’ (EXECUTE without an argument) 
(Fig. 10). Program EXECUTION starts at 106 where 
the curser is pointing and continues to 113 where 
it is stopped by the FF code (RST-7 instruction) 
that was put in for that purpose back in Part 2. Fig. 
11 displays the results of this first complete run of 
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Fig. 14—New instructions to pre-clear OUTBUF are added 
with the aid of the EDITOR. This little routine first loads a zero 
into the accumulator (A) and then stores this into OUTBUF. 
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the application program. 

PC is now at 114, or one beyond the final RST-7 
instruction. The accumulator (A) contains 2E, 
which is the hex value for the ASCII period that 
lets the program know when it has reached the 
end of the text sentence in INBUF. The D-E 
register pair contains X‘040E’ and the H-L register 
pair contains X‘030E’. This indicates how far they 
were indexed as they addressed OUTBUF and 
INBUF until the period was found. Note how the 
flags have been altered. 

As a final check upon this program’s execution, 
the user asks for a display of OUTBUF. You can 
see in Fig. 12 the sentence has been moved, up to 
and including the period (though in this system it 
is difficult to distinguish periods, as the same 
character is used to represent non-ASCII bytes 
too). 


Improving the application program 

The sample application program is so short that 
it doesn’t have any errors. But as the user starts to 
actually run it, he sees an improvement he’d like 
to make. If OUTBUF is precleared to all zeros, it 
will be easier for both him and the machine to 
distinguish the ASCII text being moved into 
OUTBUF from whatever values might have been 
there before (like erasing a blackboard before 
one uses it). He can easily do this by loading a 
zero into the accumulator and having a loop store 
that zero into all OUTBUF locations. 

A short addition to an application program like 
this can often be patched in with the MONITOR/ 
DEBUGGER’s STORE command. The user “hand 
assembles” the code and keys it in, byte-by-byte. 
That, however, can get messy if one has to shift 
the existing code to make room for additional 
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Fig. 15—The ASSEMBLER is then loaded into the 1e development 
station and the new program assembled, proc ueing this 
result. _ 
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ones, as many of the operands in the existing 
code may have to be changed (like the LOOP 
value in our example). Therefore, the user first 
reloads the EDITOR and then the ASSEMBLER 
back into the development station. A definite 
advantage of having programs on cassettes rather 
than paper tape is that less time is required to 
reconvert the development station back to EDI- 
TOR and ASSEMBLER. (Fd. Note: By the same 
token, having programs on floppy discs is faster 
still, and a decided trend exists in the more 
expensive versions of all these systems to offer 
users floppy-disc options.) 

In Fig. 13 the EDITOR has been reloaded into 
the development station and the original source 
program read back into the system from its 
cassette, cassette-B. Eight new lines for preclear- 
ing OUTBUF have been added in assembly 
language (Fig. 14). (The user has typed them in 
ahead of the original program.) With the EDITOR 
it’s easy to insert these new lines into the 
program. 

The resulting assembly-language program is 
written onto a new, edited source-code cassette, 
cassette-D. For this short sample program there is 
room in the EDITOR’s buffer to handle the 
revisions all at once; however, longer programs 
must be handled in segments. 

Next, the ASSEMBLER is loaded into the devel- 
opment station and Fig. 15 shows the display 
produced at the end of the ASSEMBLER passes. 
Insufficient room is available on the CRT screen 
to display all the lines so what’s shown is the end 
of the program. This is the re-assembly of the 
original code into its new locations. Note that 
LOOP, which was at 106, has been shoved back to 
113 by the addition. Thanks to the ASSEMBLER, 
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Fig. 16—Here is what the application program looks ae: on 
the MONITOR/DEBUGGER display after the new instructions 
to clear OUTBUF are inserted. 
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the user has not had to bother with the mechanics 
of this relocation. 


Debugging the improved program 

As the results of the ASSEMBLER passes dis- 
played in Fig. 15 show no errors, the user can 
reload the MONITOR/DEBUGGER and execute 
the new, enlarged version of the application 
program. Fig. 16 shows the new program residing 
in the MONITOR/DEBUGGER RAM, in object- 


The user decides to first execute just the new 
code added at the beginning to see if that 
produces the desired clearing of OUTBUF. He 
quickly sets up the BREAKPOINT by setting the 
cursor with the D#LOOP command entered at the 
bottom of Fig. 16. In Fig. 17, this use of the 
symbolic address, LOOP, has positioned the 
cursor not at the old position of LOOP, 106, but at 
the new re-located position which is now 113. 

This illustrates the great practical value of 


code form, of course. A comparison with the 
similar display of the original code (Fig. 4) shows 
how the program has grown and how the original 


code has been shifted to higher addresses in 
memory. 


having symbolic addresses that are automatically 
re-located by the ASSEMBLER. Just imagine how 
useful this would be in the typical application 
where the total application program will be 
several thousand bytes long and you have made 
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Fig. 17—What happens if the user employs one of the “old” 
labels as an argument for a MONITOR/DEBUGGER com- 
mands? It still works, which shows the value of having 
symbols. They remain useful even after extensive revisions of 
the program. As a preliminary check on the accuracy of the 
new instructions, the operator here inserts a BREAKPOINT at 
the end of the added instructions. 


Fig. 193—A check of the OUTBUF area shows that the new 
instructions have cleared it to zero. 
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Fig. 18—The new instructions are EXECUTED and the control is 


Fig. 20—Now the full program is EXECUTED and 
returned to the MONITOR/DEBUGGER at the BREAKPOINT. 


completion. 


runs to 


Pie 











The Industry’s Most Complete Line of 


EPOXY BRIDGE RECTIFIERS 


DIB 

1 Amp Dual-in-Line Bridge 

4 pin, low-profile DIP 

25V to 1000V (Varm) 

25A 1/2 cycle surge, (Ipsum) 
Standard .10” grid DIP 
lead spacing 

Compatible with automatic 
handling, testing, inserting. 


1 AMP (I,) EBR 

@ 25V to 1000V (Vary) 

e 25A 1/2 cycle surge (lesy) 

@ Controlled avalanche series 
(250V to 850V min Vp) 

® Fast recovery series 


2 AMP and 6 AMP (I,) EBR 

@ 50V to 1000V (Very) 

@ 2A has 50A surge (leciy) 

@ 6A has 100A surge (Ircyy) 

@ Controlled avalanche series 
(250V to 850V min Vgp) 

@ 2A Fast Recovery Series 





1 AMP 2 AMP 6 AMP 


10 AMP (I,) EBR 

@ 50V to 1000V (Very) 

@ 100A surge (Ipcy) 

e Controlled Avalanche series 
(250V to 850V min Vor) 

e 200 nsec (t,,) series 

@ 1500V min circuit-to-case 
insulation. 





15 AMP & 30 AMP (I,) EBR 
e 50V to 1000V (Var) 
@ 15A has 100A surge (Ipc) 
e 30A has 300A surge (Ipcyy) 
@ 200 nsec (t,,) series 
@ 1500V min circuit-to-case 
insulation. 
@ 1.5 °C/W max Rojo 





15 & 30 AMP 
Call Mike Hawkins 


214/272-4551 
for more information 


Design us in... we'll stay there VARO 


VARO SEMICONDUCTOR, INC. 


P-O. BOX 676, 1000 N. SHILOH, GARLAND, TEX. 75040 
(214) 272-4551 TWX 910-860-5178 


EUROPEAN OFFICE: UK: VARO SEMICONDUCTOR INTERNATIONAL, INC. 
Deepdene House, Bellegrove Road, Welling, Kent, England DA163PY, 01-304-6519/0 


For more information, Circle No. 40 
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up dozens of labels to refer to major subsections 
of your program! A further benefit of symbolic 
labels available during the MONITOR/DEBUG 
phase (which means that the label table created 
by the ASSEMBLER is left or re-entered into RAM 
for the MONITOR/DEBUGGER) is that you don’t 
have to wait for a printer to slowly bang out a 
hard-copy listing at the end of each ASSEMBLER 
re-run, from which you manually pick off the 
program locations. 

So the user sets the BREAKPOINT at LOOP (113, 
bottom of Fig. 17) and asks for execution starting 
at the beginning of the program, which remains at 
location 100. After execution, he asks for a display 
of OUTBUF (Fig. 18), and in Fig. 19 he sees that 
the new instructions have indeed precleared 
OUTBUF to all zeros. 

Now the user can rapidly finish his debugging 
session. He uses the ‘$’’ argument to first shift 
back to the Fig. 18 display where the cursor points 
to the BREAKPOINT. He clears the BREAKPOINT 
and asks for the remainder of the program to be 
executed. In Fig. 20 he sees that the new program 
has been executed as desired because PC now 
points at 121, or one beyond the final ‘‘built-in”’ 
BREAKPOINT. He again uses ‘’$”’ to get back to a 
final display of OUTBUF. Finally, in Fig. 21 the 
user notes that the sentence from INBUF has 
been correctly written in OUTBUF’s field of zeros. 

The sample program is now complete from the 
software standpoint. All that remains is checking 
whether it will execute on the actual hardware 
configuration of the end application; but that will 
be the subject for future articles. O 


Article evaluation: Please circle one on R.S. card. 
Read Some—No. 307. Read Most—No. 308 
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IF YOU DON’T USE 
OUR 16-PIN 4K RAMS, 








YOU'VE GOT 18 
HOLES IN YOUR HEAD. 
~ (OR EVEN 22.) 


Compared with 18-pin 
designs, Fairchild’s 16-pin 4K 
RAMS burn less power. Give you 
more sources. And conform 
with the 16-pin package planned 
for 16K RAMS of the future. 

Above all they deliver 
greater reliability. First, because 
they employ derated design 
rules. Second, because they're 
100% tested to the tightest 
criteria in the industry before 
we release ‘em. 

You're ahead with systems 
design, too. 

With Fairchild 16-pin 4K 
RAMS you have less add-on 
parts, fewer interconnects, 
reduced power dissipation, 
lower voltage clocks and less 
susceptibility to noise related 
failure. So you get a better per- 
forming system, using less board 



















Distributor, you get off-the-shelf 
quantity delivery in plastic or 
CERDIP—along with complete 
4K RAM data pack and app note. 
Fairchild Camera & Instru- 
ment Corp., MOS Division, 464 
Ellis Street, Mountain View, CA 
94042. Telephone (415) 
962-3941. TWX: 910-379-6435. 
Fairchild 16-pin 4K RAMS. 
They'll helo you keep ahead. 





4K RAM TORTURE FLOW 
(PERFORMED ON ALL 4K RAMS) 


Oxide Stress Test 
30V on all leads for 1 second 


Dynamic Burn 1n 150°C 
24 Hours Worst Case Voltages 


Room Temperature 
AC/DC Tests 
90° 
AC/DC Tests 


QA Sample 
Bsc (Tare] 


area, for less cost than 18 or 
22-pin alternatives. 

Our 16-pin format is now 
the highest volume 4K RAM in 
production. And from your 
Fairchild Sales Office, Rep or 






WHO ELSE? 
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Think twice befo 
your own semiconductor 








Fa 


re you design 


memory system... 


And think MONOSTORE® to save 
valuable development and produc- 
tion time because MONOSTORE 
gives you: 

Field proven reliable designs 
1-Year full warranty 

Burned-in & tested systems 
Tooling and test fixtures at no cost 


Multiple sourcing of components 


MONOSTORE® semiconductor 
memory systems are field-proven, 
reliable designs for any type of com- 
puter. No debugging, no redesign, 
no costly delays in your program. 

All MONOSTORE memories are 
stringently tested and fully warranted 
for one year. You get the design con- 
figuration you need for your mini, 
micro or custom application, with a 
delivery schedule that allows your 
program to come up to speed without 
inventory build-up. And we deliver, 
on time and in high volume, per 
your needs. 

Our support doesn’t stop with 
delivery and warranty, either. Our 
design staff is available to help when- 
ever you need it, because they care 
about the success of your system. 
They know which type of semicon- 
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ductor memory element best fits your 
product requirements. 

Since they are memory system 
specialists, they can guide you 
through the maze. Should you use a 
4K Dynamic RAM? If so, should you 
select the 22-pin, 18-pin or 16-pin 
package? Or should you use a 4K 
Static RAM? Or 1K static NMOS? Or 
look ahead to the 16K RAM? If non- 
volatility is a requirement, what 
CMOS memory element and what 
batteries should you use? We have 
the experience to discuss your needs 
and answer your questions. 

And our production and test pro- 
cedures assure that we use only the 
best components in your MONO- 
STORE product. We use only full- 
spec components, and we test to 
assure those specs. Our stringent 
tests pull the ‘‘clunkers’’, the pattern- 
sensitive, heat-sensitive, and the 
voltage-margin failures. Burn-in takes 
out the “infant mortality’’. And then 


-MONOSTORE memory systems are 


computer tested for proper function. 
That all takes time, but it pays off by 
removing defective components, and 
by building product confidence. That 
confidence is important when you’re 


For more information, Circle No. 42 


busy debugging your new software. 

All of our system components, 
especially memory elements, are 
multiple sourced, too, for your pro- 
tection. And our purchasing volume 
assures us, and you, of continuous 
delivery, from well-qualified sources, 
at good prices. 

But don’t just take our word for it, 
we think it would be smart for you 
to come to Denver and see our facil- 
ities —talk to our design staff —check 
out our prices. We feel certain that 
after you observe our production and 
testing procedures, you'll want to 
make us part of your team. We be- 
lieve that you'll see the wisdom of 
delegating your custom memory 
system design and production to 
experts, and spend your development 
time and money where it really 
counts —on the special hardware and 
software needs of your system that 
only youcan solve. 

For more information, circle the 
reader service number, or call us 


today. 
14 Inverness Drive East 


Englewood, CO 80110 (303) 770-7400 


First in semiconductor memory systems. 


MonolitNic 
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NEW! ICL Series 

26% lower profile—.150" 

Ideal for high density, high 

volume configurations, 

provides maximum vibration 
resistance. Solder type, single leaf 
“side-wipe contacts. 8 to 40 contacts. 


SG ts 


TS Series 

very long contact 

Jife. Very low insertion 
_____ force. Ideal for in- 
coming inspection. With 
14 to 40 contacts. Also 
strip sockets up to 

21 positions. 


RN HIGH RELIABILITY eliminates 


ICN Series high reliability general- 
purpose sockets. Low insertion 
force allows automatic IC insertion. 
In solder or wire-wrap. 6 to 64 
contacts. Dual leaf 
“side-wipe’ contacts. 
















get 


ICA Series 
high reliability pin 
socket contacts. Low 
profile in solder 
or wire-wrap. 
8 to 40 contacts. 













* 
ee ee | 


jon Guide’ 











trouble. “Side-wipe’” contacts make 
100% greater surface contact with the 
wide, flat sides of your IC leads for 





IC Series 
moderate cost, long life. 
Designed for general test and 
burn-in up to 350°C. 

With 14 to 40 
contacts. 





te 








ICN/S2 Series 
lowest cost burn-in 
, _ socket available. 
____ Designed to accept IC 
extraction tool. With 8 to 40 
contacts, with strip sockets 

up to 25 positions. 











2 e » » and informative book “What to Look for 
in IC Interconnects: Free from RN—the 
people who make more kinds of high reli- 
ability sockets than anyone. 
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ROBINSON-NUGENT, INC. @ 800 East Eighth Street * New Albany, Indiana 47150 e Phone: (812) 945-0211 
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IM6100 
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-CMOS/ISI_ 
with your = 
mICTOHFOCESSO 








UsetheCMOS 
microprocessor with a 


second source on-stream. 


Here’s a way to simplify 
(ol=Xsy[ol am e)ge)e)(=lantomali(omer=lialiale mm 
the system advantages of silicon 
foFe1 (om Oxo) anle)(claal=1al tla Ore) 
(CMOS) circuitry ... all by using 
Intersil’s IM6100 12-bit CMOS 


microprocessor and its all- 


Oi VOLO Felaali ae) ars osvelerr=1ccre. 
(o(=\VA (stow ale) mrsl ise mrs Nes litsle)(s) 
110) aa miclaatserey=)aal(ere) alee .ei(e)e 


IM6561 CMOS I 


256 x4 RAM 


IM6312 CMOS 


1K x12 ROM 


IM6101 CMOS IM6402 CMOS 


PIE UART 


Simple power supplies. 

* By their very nature, 
© V (@homer| cord] | ame) eleveciiomicelan 
Wy aoxe)aaye)|(orsic=re Mal at=>4els1aISIIVA=) 
J0] 0) 0) |(oxopure ll me(sy'4(exosom am dala on Ole) 
CMOS family use only one 
unregulated + 4 to +11 volt 
supply. At 4MHz and 5V, the 
IM6100 dissipates only 10mW, 


_. with similar power levels for all 


the other members of the CMOS 
family. Because there's little heat, 
‘erole)|iale fm e)ge)e)(=1aatsme|ist-10) el=r-1e 


ero 


Te onde 


en ; 
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Superb noise immunity. 
CMOS is famous for its 
lave)isxomlanlanlelaliavameti(e)uyiare im (cele ie)(ots 
listo me) o>) g-1t(0)amiam(celeie)(-1-1e)aar~) 

environments. 


Military temperature range. 


BRats milo elO m= (aro m= limeliatcie 
aats)aelels)esMe) mi tsmexe) an) ey-iile) (=) 
OV (@komrc Teall me)iisiancele mre mesa le) (ers) 
(0) mu ia(el UKs) (at- 1m Get. 0 (Oral oto O29 re) 
full military (—55 to + 125°C) 
temperature ranges. 


Inexpensive crystal clock. 


Timing for the IM6100 sys- 
i(o)agme) 0l=)¢- 10) am (owmcye] 0)e)|(-1em e)var-le 


me) abceial) ees (ele) emelali-ame\ vars 


external crystal. No clock gen- 
erators or level translators 
lalsx=xe(s,0R 


Standard interfacing. 

The entire IM6100 CMOS 
family operates well with other 
i(eXei alate) (ele |(stomcie (ea etom NI Olor 
PMOS and TTL. These Intersil 
devices interface directly with 


_industry-standard RAMs, 


P/ROMs and LSI peripheral in- 
terfaces such as UARTs, FIFOs, 
keyboard encoders, analog 
converters, modems, etc. 


Uses standard, available 
software. — 

The IM6100 executes the 
Taksiaqu(eit(e)amcy=) @e)mm vals ms aalescy| 
(oye) olf lamanlialcexe)aa] 10) (=) eum D) =i Ox 


‘ -PDP-8/E*. 


components for an all-CMOS 
IM6100 Microprocessor system. 
-Seven-part kit includes IM6100, 
~ IM6101 PIE, IM6312 1024 x 12 





Getting Started's 
easy as ABC. 
Ta)(lecii mars tsmsiien) eilitcre moles 
(ef-s at] efom [al (om aal(eige) e)¢eler-s-t-(0) axe (- tam 
sign with three easy alternatives. 
A. M6100 CMOS Family 
Sampler. A fully documented, 
(oXo) aa} e)(=a(omm gots f= (e1,¢-10 [10m (ime) 





ROM, IM6402 UART and three 
IM6561 256 x 4 RAMs. Ideal for 
Ko)’ "exexeys) a 0) ce) (0) 41 ¢)1 ale m-1a(0 Mo\Vc-1 10h 
ation. Single-piece prices total 
$125.30. Special offer price 
(valid only until Oct. 31, 1976) 














B. Intercept Jr. Tutorial 
System. A complete one-card 
battery-powered operating sys- 
tem, including multi-function 
keyboard, 8-digit LED display, 
256 x 12 RAM, resident microin- 
terpreter, provisions for modular 
expansion and detailed instruc- 
tion manual for $281.00. 





C. Ta} (=) ¢ox>) ) au ea ce)(e) ae) Lae} 
System. Provides an easy 
rsTexe) ale)aal(ors\maalsys(alsme) mm ¢)4e)(0)4'/ 0b 
ing user systems and evaluating 
the IM6100 family of devices 
Tala aY/ e)ler-\imexe)al ile lel e-lt(e)a loom wagers) 
$2,850.00. 3 

_ All from Intersil. 10900 

North Tantau Ave., Cupertino, 
CA 95014. 
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Intersil stocking distributors 
Arrow Electronics 

Century Electronics 
Elmar/Liberty Electronics 
Harvey (Upper N.Y.) 
Intermark (San Fran., Seattle) 
Kierulff Electronics (Mass.) 
Marshall Ind. (L.A., San Diego) 
R.A.E. Ind. Elect. Ltd. (Van. B.C.) 
Schweber Electronics 

Sheridan Assoc. 

Diplomat (Fla.) 

Weatherford 

Zentronics (Canada) 


Intersil area sales offices 
Boston Pees 
Chicago (312)986-5303 
Dallas (214)387-0539 

Los Angeles (213)532-3544 
Ft. Lauderdale eid als 
Minneapolis (612)925-1844 
New York (201)567-5585 





San Francisco Bay Area (408)984-2170 


Upstate New York/Canada 
(607)754-7406 
Representatives in all major cities. 
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T-4 (%" long) Intermittent duty T-8 (14%" long) Continuous Duty 


STROKE IN INCHES 
T-12 (1%" long) Intermittent Duty 


notched tube-steel shell mates with notched 
end plate. Result? A stronger assembly that 
takes more torque when installing...with no 


Ounce-for ounce, inch-for-inch Guardian 
Tubular Solenoids pack more power... be- 
cause Our tubular designs assure total mag- 







netic field enclosure and result in efficient, 
powerful operation. More efficient than other 
DC solenoids. They give you more power in 
less space, pluS U/L and CSA recognition. 


Easy to design-in. Easy to install. By design. 
Guardian Tubulars work in 
any position. Close tolerance 
between plunger and bobbin 
means no possibility of 
double seating. So they work 
in your product just the way 
you want them to work. 

Mount them directly into 
panel by inserting threaded 
bushing thru installation hole 
and tightening nut on lock 
washer. Or, mount with stand- 
ard bracket. 

Either way, Guardian Tubu- 
lars install without damage to 
the solenoid. Look how the 

















chance of damage. The leads emerge thru a 
notch in the steel shell, so they wi// not, can 
not be sheared by rotation during installation. 


Once you put a Guardian Tubular in your 
product... forget it. Typical mechanical life is 
20 million. That’s probably longer than your 
product's life expectancy...due primarily to 
the unique Valox® 420 molded bobbin. 


Variations and specials? Guardian’s got ’em. 
Any DC voltage from 6 to 240. Push type or 
pull type operation. Return springs, silencers, 
termination variations, special mountings .. . 
you name it and we'll deliver it with the high 
quality craftsmanship and low prices that have 
made Guardian Number 1 in Solenoids—and 
that keeps us here on top. 


Let the Guardian Angel reveal 
all the pull charts and curves 
in full size. Send for your free 
copy of our 72 page catalog. 


‘AX 


This mark indicates 


recognition under the 


component program 
of Underwriters 


Laboratories, Inc. 














GUARDIAN 


GUARDIAN ELECTRIC MANUFACTURING CO. 1574 West Carroll Avenue—Chicago, Illinois 60607 « 312/243-1100 
For more information, Circle No. 45 





Solving the energy crisis begins 
with you—the design engineer 


Design standards of the past, when energy was plentiful, are now 
obsolete. Thus you must apply new technology to those old solutions. 


Harvey Morgan, MS Laboratories 


Engineers our work is cut out for us! We are the 
ones who have to solve the problem commonly 
known as the “energy crisis.” 

Since we design the equipment that consumes 
most of the energy generated, we have a respon- 
sibility to make our designs as energy-conscious 
as we technically and economically can. But such 
conservation of energy is more complex than 
just reducing equipment energy consumption. 

For example, let’s look at the components used 
in the equipment we design. Each component is 
manufactured with an expenditure of materials, 
labor and energy. The costs of these materials 
generally relate to the cost in energy to produce 
them, regardless of source. If a material is 
expensive, the cost usually results from the 
amount of energy used in production. Yet high 
price per unit quantity is not necessarily a reason 
not to use a particular material. Instead the major 
factor in the decision should be long-term cost 
vs. other possible materials. If a material has a 
short life in service, its long-term cost may well be 
higher than a more expensive, yet longer life, 
material. Replacement cost, including service 
charges, and continued availability at reasonable 
cost should be considered. 


Apply new knowledge to old solutions 

The standards of the past, then, when energy 
was plentiful, no longer hold true. Devices used 
to produce light are prime examples. The energy 
content of the radiated visible light from an 
incandescent filament is a small fraction of 1% of 
the energy required to heat that filament. Fluo- 
rescentlampsare better but stillhave1% efficiency. 
An arc light, even though it has an efficiency 
of about 10%, has substantial drawbacks. 

LED’s provide a direct approach to light genera- 
tion, offering a new solution to this old problem. 
The applied potential is required to cause the 





phenomenon of light emission. Efficiency of 
LED’s appears to be greater than even fluores- 
cents. Will an array of multicolor LED’s constitute 
the white light sources of the future? What about 
electroluminescence? 

Another example of energy inefficiency is 
found in hi-fi speakers—the amplifiers that drive 
the speakers have a maximum efficiency of 50%. 
Few though, if any, attain that value. A possible 
solution to this problem, then, would be 
switching-type amps, which can be much more 
efficient. Switching-type power supplies are an- 
other means of saving energy. 

Other conspicuous users of energy should be 
closely examined for function. Consider the 
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clothes dryer: Its primary function is to remove a 
very large part of the moisture present in clothes 
after washing. The present approach uses heat to 
cause evaporation of the water at an energy cost 
on the order of 2000 Btu’s per pound of water. But 
if the water can be removed without evaporation, 
the energy cost will be less. Alternately, if the 
evaporated water can be condensed and the heat 
of evaporation recycled, the possibility of sub- 
stantial energy savings exists. 

Devices built in small quantities, even if not 
very energy efficient, do not greatly affect the 
energy problem. Small improvements in large- 
quantity consumer products can be very signifi- 
cant, though. In other words, cost of operation to 
the individual consumer is not the sole criterion. 
If a million devices are to be built, a 1% 
improvement is significant. Responsibility is to 
the nation as well as to the consumer and 
manufacturing company. 


Management has a responsibility too 


Besides the aforementioned direct responsibili- 
ties that we have, there are some indirect ones 
that are the responsibilities of our companies. 
Changes in company policy could contribute 
significantly in the search for a solution to the 
energy crisis. 

Value engineering, which is not practiced in 
most companies, is one policy that could easily be 
implemented. We, as designers, need only con- 
sider the following fundamental questions before 
we start to design. 
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«What are the basic functions our design 
must accomplish? 
eHow essential are the functions? 
eHow can we design those functions to 
perform at the least long-term cost? 
eWhat life and reliability are required? 
eWhat are the modes and penalties for 
failure? 
Whatever we design will fail some day. If the 
failure is a nuisance, the value of reliability is 
much less than if the safety of lives is involved. 
These value judgements directly affect cost and 
total equipment energy consumption. 

Patents are another area sorely in need of 
change. Many companies require patent agree- 
ments which take title to all inventions by their 
employees whether they have an interest in 
putting them on the market or not. Submitted 
ideas get buried in company files and don’t see 
the light of day until someone else invents them, 
or their time passes. Immediate release of inven- 
tions not within the product interest of the 
company might do much to relieve the energy 
crisis. 

Electrical codes often aren’t adaptable to new 
developments. LED’s, mentioned earlier, are a 
case in point. Their voltage requirements are far 
less than 115V house supply, and they require 
direct current. Voltage transformation and rectifi- 
cation for individual devices are much less 
expensive than previously. In the event of LED 
lights, the most cost-effective method possibly 
would be to transform and rectify the ac to 24V 
dc, distribute that, and use small local dc-dc 
converters to power the lights. This is an example 
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of new approaches to old problems, but political 
action may be needed to implement such chang- 
es. Laws and codes ‘‘cast in concrete’’ may need 
to become more flexible if the energy crisis is to 
be alleviated. 

Engineers—our work is cut out for us! © 


Author’s biography 
Harvey Morgan, chief en- | 
gineer at MS Labs in Dal- 
las, received both his B.S. 
and M.S. in physics from 
the Univ. of Idaho. His 
present duties are the de- 
sign and development of 
bandwidth compression/ 
expansion equipment. 
Harvey holds two patents, 
is a member of IEEE and has the unusual hobbies 
of archeology and lapidary, which take him to 
ENGINEERS—OUR WORK equally unusual places. 
IS CUT OUT FOR US! 
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And they aren’t! Because each Reeves-Hoffman 
watch crystal is individually tested before ship- 
ment. Many are performing in watches of chrono- 
meter quality. Proven manufacturing techniques 
and rugged, cold-welded enclosures assure un- 
surpassed reliability and accuracy, permit high 
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volume fabrication. The pioneer manufacturer of Cable. call Our own 

quartz crystals for electronic watches, Reeves- rf Cold-welded lass-to- 

Hoffman has sold over 15 million. Cable, call or sa A for lona term g pice ie 

write today for information. 2 atalog XSD g - = 








stability 


REEVES- HOFFMAN 


Division, Dynamics Corporation of America 
400 W.- North St., Carlisle, PA 17013 U.S.A. 
Phone: 717—243-5929 TWX: 510-650-3510 


REEVES- HOFFMAN 


Division, Dynamics Corporation of America 
400 W. North St., Carlisle, PA 17013 U.S.A. 
Phone: 717—243-5929 TWX: 510-650-3510 





For more information, Circle No. 46 For more information, Circle No. 47 


89 





90 


Erased any PROMS lately? 


Nitron’s MNOS non-volatile memories 


What more can you ask for? 


can be erased and reprogrammed in or out of Nitron’s new generation of NVMs: First the 
your Circuit. Electrically. No U.V. light source or 64X4 NCM7040, and now the 256X4 NCM7050. 
programming hardware to mess with. Available off-the-shelf. So don’t lose any more 

Loss of power doesn’t bother data stored valuable time. Or data. 

in Nitron’s NVMs, either. The data is safe even if Write or call 
the power stays off for several years. NITRON 


Without backup batteries. 


They’re single word alterable and interface 
with either TTL or CMOS. And because they're fully 
decoded and bus compatible, using them is just 


10420 Bubb Rd., Cupertino, Calif. 95014 
(408) 255-7550 


AUITRON - 


like using more conventional memories. A divisionof MICDONINELL DOUGLAS 


For more information, Circle No. 48 
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Try the sampling comparator in 
your next A/D interface design 


Designed to solve problems associated with comparison uncertainties, 
this new device can reduce the complexity of high-speed conversions. 


Stan Dendinger, Hughes Aircraft Co. 


Analog voltage comparators were the traditional 
interface between the analog and digital worlds 
long before the introduction of the sampling 
comparator. However, from an overall system- 
performance viewpoint, the older conventional 
comparator designs left much to be desired. In 
spite of impressive gains made in decreasing 
comparator-response time, Table 1, their inade- 
quacies and ripple-through effect on following 
circuitry created a significant barrier to higher 
system performance. 

The main problems to be overcome were: 
device oscillation, data storage and output-data 
skew. Classical solutions to these problems were 
RC filtering at the comparator inputs, hysteresis 
or positive feedback, and equalization of logic 
inversions through the encoding tree. Unfortu- 
nately, each of these solutions exacts a perform- 
ance penalty. Filtering slows system-response 
time, hysteresis leads to loss of resolution, and 
designing the logic for equal inversions requires 
extra gates and introduces more delay. 


Sampling solves all the problems 


The sampling comparator (Fig. 1) enables the 
circuit designer to obtain a combination of system 
speed and precision not attainable with any other 
device. Externally, each IC resembles a merged 
comparator and digital latch. When the latch 
terminal is at a ONE logic level, the comparator 
functions normally, continuously comparing the 
voltages on the differential inputs. But when the 





latch terminal is at ZERO, the comparator is 
locked up in its existing logic state. The distinctive 
difference is that the latch function is implement- 
ed in the input stage of the comparator and is 
designed to be extremely fast. As a result, the 
comparator can be unlatched for a fraction of its 
propagation delay and thus accurately reflect the 
input conditions existing at that instant. Since 
operating a comparator in a sampling mode 
breaks the feedback loop between output and 
input, no oscillations can occur. 


Don’t be fooled by timing similarities 


Because these comparators are sampling devic- 
es, the timing relationships between the analog 
input voltage and the digital latch command can 
be superficially characterized in the same manner 
as an analog sample/hold circuit. However, some 
subtle differences exist. | 

Three parameters characterize the speed capa- 
bilities of a sampling circuit: acquisition time, 
aperture time and aperture uncertainty time. Ina 
sampling comparator, acquisition time (called 
latch-enable pulse width) is the minimum time 
that the comparator must be unlatched to acquire 
and hold an input-signal change. This definition is 
analogous to that for a S/H circuit. When 
measuring the degree of input voltage change, 
however, performance also changes. While large 
input-voltage changes increase the acquisition 
time of sample/hold circuits, just the opposite is 
true for the sampling comparator. 

Aperture time is the next point to consider. Ina 
sample/hold circuit, this parameter defines time 
delay between generation of a hold command 
and sample gate turn-off. This delay depends 
heavily on whether the signal is periodic or 
random, and also on the nature of subsequent 
digital processing. Second-order errors occur 
because real analog-transmission gates do not 
have instantaneous turn-off characteristics. 

A latching comparator totally avoids these 
problems. For example, proper latch operation 
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measurement repeatability of a fixed point on a 
rapidly changing signal. 

Because a sampling comparator quantizes dy- 
eae namic errors, its aperture uncertainty time defini- 

INPUT ae tion differs from that of a S/H circuit. Measured 
on a p-p basis, this parameter defines the 
difference in latch timing between the point at 
which an input signal is always detected and the 
point at which it is never detected. In essence, 
the parameter measures the time uncertainty 
associated with the threshold comparison. 


(a) 


NONINVERTING 


Q PUT 
INPUT pels 


LATCH ENABLE 


(b) 
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INPUT SIGNAL LATCH 
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es 
INPUT SIGNAL 


APERTURE UNCERTAINTY 





Fig. 1—Extremely fast operation is designed into the sampling 
comparator by implementing the latching function in the 
input stage. Such a design also provides a high-precision 
device free from oscillation problems. 


requires only a slight unbalance of the input 
signals. Aperture time thus reduces to the delay 
between logic threshold crossing of the latch 
command and the actual turn-on of the internal 
latch. 


For a comparator, however, aperture time is 


not specified directly. Rather, it determines 
another parameter—set-up time. This parameter 
specifies the minimum time an_input-signal 
change being detected must be present to permit 
latching. Comparater set-up time, somewhat 
analogous to the data set-up time specified for 
digital flip-flops, is the difference between the 
real internal set-up time and the aperture time. 
Under some input-signal conditions, this set-up 
time can have a negative value. 

Aperture uncertainty time (aperture jitter), the 
most critical parameter of a sampling system, is a 
bivarient phenomenon (specified as either p-p or 
rms) that always contributes error by limiting the 


92 


Benefits of the latch can’t be matched 


Compared to a standard strobed design, a 
latching comparator offers designers three major 
system benefits. First, its short acquisition time 
eliminates oscillation potential and allows detec- 
tion of very brief signals. 

Second, the latching comparator substantially 
reduces dynamic errors, because it limits 
threshold-comparison uncertainty time to a very 
small percentage of the system-clock interpulse 
period. Finally, operating a comparator in a 
sampling mode speeds its response by some 
20%, since the positive feedback of the latch 
effectively kicks the comparator decision through 
the remaining output stages of the device. 

While relatively easy to implement, a strobed 
comparator offers no special usefulness in high- 
speed system designs except in wired-OR appli- 
cations, such as at the output of a memory device. 
However, such an application requires an open 
collector output; this configuration is incompati- 
ble with high speed. 

When its output gate is enabled, a strobed 
device may also undergo possible oscillation. 
Unlike a latched device, this comparator must be 
enabled for a time at least equal to the sum of the 
propagation delay through the comparator and 
the data set-up time of the storage flip-flop. This 
time can be quite long for small signals, which 
raises the possibility of the inputs being affected 
by coincident logic signals. When the output 
signal does appear, it still must be clocked into a 
digital storage device. This requires careful timing 
between the strobe control and the system clock. 

Fig. 2 contrasts the small-signal detection 
capabilities of a strobed comparator with those of 
a latched comparator, and demonstrates the 
superiority of the latter. Both devices were tested 
under identical conditions with the inverting 
inputs grounded and a 5-nsec wide pulse with a 
5-mV amplitude applied to the noninverting input 
from a 500 source..Pulse offset was adjusted for a 
baseline value of —2 mV, and the strobe and latch 
signals were then adjusted to the minimum values 
that would not degrade the comparator output 
signals. 
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HORIZONTAL: 5 nSEC/CM 

VERTICAL: STROBE (TOP) 2V/CM | 
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Fig. 2—Superior high-speed performance of the latch design 
is evident in this comparison against a strobed comparator. In 
addition to its cleaner, faster response, the latch comparator 
requires no additional digital storage circuitry. 


The strobed comparator requires output- 
enabling at least 7 nsec before the arrival of the 
input signal. In this case, the output barely 
exceeded the logic threshold level 13 nsec after 
the input signal was applied, and the probability 
of its being entered into a following flip-flop was 
very low. The latched comparator, on the other 
hand, exhibited a 7-nsec acquisition time and a 
set-up time of 3 nsec. Its output crossed the logic 
threshold 9 nsec after the input signal was 
applied, and no further digital storage was 
required. 


Here’s an example to prove the point 

A 3-bit A/D converter, Fig. 3, illustrates the 
capability of the latch comparator in a typical 
system application. Seven AM686 comparators 
(from AMD) are arranged for direct parallel 
conversion of rapidly changing input signals with 


no prior sample/hold conditioning. This configu- 
ration provides a severe test of the circuit’s 
capacity for high-speed sampling, fast response 
time, and minimal output-data skew. The unit 
consists of three subsections: an input quantizer 
that samples +1V video signals and converts 
amplitude information to 7-line linear code; a 
Schottky TTL logic section for encoding to 3-bit 
offset binary; and a D/A converter to monitor the 
quantization process. 

A voltage-divider string develops the threshold 
voltages required for the quantizing and encod- 
ing sections. The sampling mode of operation 
forces all the comparator outputs to change state 
simultaneously. 

The monitoring D/A converter was designed to 
complement the expected speed of the quan- 
tizer. Each bit controls a 20-mA current switch, 
driving a node of an R-2R ladder network. Each 
switch then forces current into an identical 500 
impedance. This arrangement equalizes switch 
response times since the same current is available 
at each node to charge stray capacitance. 

The resistor network achieves binary weighting, 
and a 50Q microstrip carries the resulting 0 to 
+1.75V output to an SMA coax connector. The 
D/A incorporates no digital storage, accepts the 
3-bit input word directly and converts to analog 
within 1/2 LSB in 4 nsec. 

To maintain 3-bit accuracy, the maximum 
quantization error should be held to +1/2 LSB or 
+125 mV. In other words, a signal level 125 mV 
greater than a reference threshold should always 
generate a high state at the comparator output. 
For this value of overdrive, propagation times 
indicate an approximately 6.0-nsec wait for the 
output signal, and as a general rule of thumb, 
approximately 80% of that time for the latch- 
enable control. Two Schottky gate delays of 3 
nsec each add 6 nsec more, and the 4-nsec 
settling time of the output D/A brings the total 
processing time to 16 nsec, corresponding to a 
maximum data rate of 62.5 MHz. 

The next step is to check threshold error due to 
aperture uncertainty time. In order to meet the 
Nyquist sampling criterion, the maximum input 
frequency to be digitized must not exceed 
one-half the sampling frequency or 31.25 MHz. 
Maximum slew rate occurs at the zero crossover 
point, and equals Vpea,xX 27f or nearly 200 V/psec. 
Aperture uncertainty is 140 psec rms or +200 psec 
peak. Therefore, the maximum aperture uncer- 
tainty error equals 210° V/sec X +2107" sec or 
+40 mV, which is well within the allowable error 
budget. 

Performance actually obtained (Fig. 4) indicates 
that the calculations were on the conservative 
side: The horizontal scale is 50 nsec/cm; the top 
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Fig. 3—A total calculated-conversion time of only 16 nsec, even with no input-signal preconditioning, testifies to the latching 
comparator’s speed. Built around the AM686 from Advanced Micro Devices, this circuit incorporates a D/A converter to monitor 


the quantizing process. 


waveform, the latch-enable signal switching at 80 
MHz. The middle waveform is a 4.5-MHz video 
signal with a p-p amplitude of 1.6V. Output of the 
D/A showing the reconstruction of the input 
sine wave based on the 3-bit digital code fromthe 
comparators is shown in the bottom waveform. 
The unit samples the input signal, encodes to 
binary, and converts to analog again in less than 
12 nsec. Even at this extreme conversion speed, 
output glitching is practically nonexistent due to 
the very small data skew on the comparator 
outputs. As expected, the worst case occurs at the 
zero crossover where the binary code changes 
from 100 to 011. 


Applications areas are unlimited 

This basic 3-bit circuit can extend to higher 
resolution converters in a number of ways. For 
extremely high-performance applications, the 
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low input-offset voltages and complementary 
outputs allow parallel conversion of 4, 5, or 6 bits. 
Primary limitations, however, are layout difficul- 
ties and economics. Required resolutions of 7 bits 
or more would require a subranging technique. 

The sampling capability of this device allows a 
further refinement in the converter organization. 
If aperture uncertainty error permits, the first 
quantization can be put in parallel with the analog 
sample/hold. This substantially reduces delay due 
to S/H settling time. The error in the first coarse 
approximation, if limited in value, can then be 
corrected by redundancy bits in the subranging 
quantizers. 

At present, several comparators exist with 
latches available. for interfacing with the most 
popular fast logic families. Useful not only in 
applications where high-speed comparator/flip- 
flop combinations give unsatisfactory perform- 
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Fig. 4—Performance better than expected is shown in these 
A/D converter performance waveforms. Even with a total 
conversion time of only 12 nsec, the output is remarkably free 
of glitches. 


ance, these comparators also allow development 
of inexpensive circuitry for functions once very 
difficult and costly to implement. Candidate areas 
are higher speed A/D converters, sensitive syn- 
chronous RF detectors for phrase-locked loops, 
optical isolators and line receivers, and ultra-fast 
magnetic and semiconductor memory systems, as 
well as a host of instrumentation and video- 
processing applications. 0 
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AN INVITATION TO LEARN 


WHY THE FLUKE 8500A IS CALLED 


THE WORLD'S FINEST DVM. 


We'd like to introduce you to a 
new concept in digital voltmeters. 

The Fluke 8500A. 

It’s a measurement system—not a 
dedicated instrument, but a bus-oriented, 
microprocessor-controlled measurement 
device. Modules which convert parame- 
ters, such as ac voltage, resistance or 
current, are simply plugged into any 
available slot in the bus structure. The 
microprocessor then talks to the module 
and displays the new value in the de- 
sired parameter. 

That’s the heart of the 8500A— 
unlimited measurement architecture. 
At any time, different measurement, 
control or servicing modules can be 
plugged in the bus. 

And the 8500A is a different meas- 


uring device. 


All for a basic system price of $2 695" 


212% 


ovetranging 









150% |. 

overranging 

100% _— 
overranging 
overranging 


20% 
ovetranging 


100% 


Overranging capabilities 


of the 8500A DVM 


100mV_ 1V 10V. 100V_ 1000V 
Most other DVM’s offer only 20%-60% 
overranging. 


The 8500A is a high-speed 5¥2-digit 
DVM capable of 500 readings per sec- 
ond at full resolution and accuracy. Fluke’s 
patented Recirculating Remainder (R?) 
A/D Conversion technique is used for 
high, long-term accuracy and linearity. 
There’s a calibration memory that allows 
for automatic correction of calibration 
error. And it’s the only systems DVM 
that measures ac and de current. 

DC voltage measurement and de 
ratio are standard features. DC voltages 
are measured over five ranges, with res- 





“Te’s not difficult to understand why it’s 
called the finest. After all, it is a Fluke 
DVM, isn’t it?’’ 


312.5 mV is possible with a resolution of 
1 uV. Displays on the lower ranges are 
in volts, followed by an exponent dis- 
play of —3. 

Two types of ac measurement op- 
tions are available for the 8500A. While 
only one can be installed in the instru- 
ment at a time, removing one option 
and installing the other requires a mini- 
mum of time and/or operator training. 
At power up or after reset, the front 
panel displays whether the averaging 
converter, true rms converter or neither 
is installed in the instrument. 

The Averaging Converter (Option 
-O1) measures up to 1000V ac on four 
ranges with a bandwidth from 30 Hz to 
100 kHz and accuracies up to +0.05% 
+ 5 digits. The True RMS Converter 
(Option -09) measures up to 1OOOV ac 
on four ranges with a bandwidth from 
10 Hz to 300 kHz and accuracies up to 
+0.1% + 15 digits. 

Resistance measurements can be 
made on eight ranges from 100 full 
scale to 100 MO full scale with the 
Ohms Converter (Option -02). Basic ac- 
curacy from 100Q to 1 MQ is +0.003% 


measured with the Current Module 
(Option -03) provided one of the ac 
options is installed in addition to the 
basic dc. Current measurements to 1A 
can be made with sensitivity to 1 nA. 
Accuracies to +0.03% + 10 digits, for 
dc readings and to +0.06% + 8 digits 
for ac readings. Bandwidth of the 

100 pA through Amp ranges is 30 Hz 
to 10 kHz. For the 1A range only, the 
bandwidth is 30 Hz to 3 kHz. 

Guaranteed accuracies for the 
8500A measurement options are based 
on 90 days, 18°C to 23°C. 

Three Remote Interface options 
are available with the system. Only one 
of the three may be installed at a time; 
however, one can be easily exchanged 
for another when the top cover is re- 
moved. This allows the instrument to 
be used with more than one interface 
system, requiring only that additional 
modules for the desired interfaces be 
obtained. — 

The IEEE Standard 488-1975 Bus 
Module (Option -05) provides an eight- 
bit (one byte) parallel interface. The 
Bit Serial Asychronous Interface Module 


8500A DVM at 7/2 Samples/Second 
Unfiltered 


_ —'— Filtered 
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Fantastic noise rejection without sacrificing 
speed. 


(Option -06) interfaces the 8500A to 


a 





olution between 1 uV and 10 mV anda 
basic accuracy of +0.001% (10 ppm) 
for 24 hours, 20°C +1°C. Starting with 


the lowest range, a maximum display of 


systems using either RS232B, RS232C, 
or Current Loop interface. Selection of 
type and Baud rate is made with bit 
switches accessible through an entry 


+ 1 digit, with resolutions up to 100 uO 
obtainable. 
Both ac and de current can be 


Automatic correction 
for zero, offset, calibration 
and drift with microprocessor 
controlled memory storage. 
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Extra digit of resolution. 


As an extra bonus, the range digit can be 
converted to a 6th measurement digit—for 
6% digits of resolution. 


port on the rear panel. And the Parallel 
Interface Module (Option -07) provides 
a 16-bit duplex register interface com- 
patible with mini-computer and micro- 
processor systems. 

A non-volatile calibration memory 
module stores correction factors desired 
from a standard input during CAL mode 
operations. It can also be used to com- 
pensate for long-term drift, eliminating 
the need for manual adjustments or trips 
to the calibration laboratory. This al- 





[EEE-488 interface bus Fluke 
ASCI11 interface Fluke 
Parallel interface (16 bit) Fluke 


Only one system DVM offers all the inter- 
faces you need. 


18 different sample rates Fluke 
5 different filter modes Fluke 
Programmable sealing factor Fluke 
Store and test for limits Fluke 
Local and remote lockout Fluke 
Front panel display on/off Fluke 
Line and non-line synchronized readings — Fluke 
Store and display of highest and lowest 

values found Fluke 
Recall and display status Fluke 
6% digits of resolution Fluke 


And with any interface there are expanded 
remote features. 


lows the operator to remove power from 
the instrument or the system to suffer a 
power failure without loss of automatic 
calibration factors. The battery perma- 
nently installed on the module will keep 
power on the memory to retain the stored 
data in excess of 90 days after removal 
of power. 

Service capability is one of the 
strong points in the 8500A program. Of 
course, extensive overload protection 
has been designed into the instrument. 
But should problems develop, most of 
them can be handled in the field by 
using the available service aids. An ex- 
tender card, a bus monitor, a test mod- 
ule, and a static controller, together 
with diagnostic programs and the micro- 
processor control should handle 60%- 
80% of most troubleshooting problems. 

If you’ve read this far, you know 


why the 8500A is called the world’s 
finest DVM. Microprocessor control, 
modular design, complete measurement 
and systems interface capability and 
ease of service are all combined in one 
instrument. And the best thing about it 
is that it’s made by Fluke. So you know 
you can count on quality and service 
throughout the world. 

The 8500A. One more reason why 


Fluke is the leader in digital voltmeters. 


For data out today, dial our toll-free 
hotline, 800-426-0361. 


John Fluke Mfg. Co., Inc., P.O. Box 
43210, Mountlake Terrace, WA 98043 


Fluke (Nederland) B. V., P.O. Box 5053, 
Tilburg, The Netherlands. 
Phone: (013) 673-973 Telex: 52237 


*U.S. price only. 
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BEFORE YOU GO BACK TO 


THE BENCH, TAKE A LOOK AT WHAT 





Fluke spends a lot of time paying 
attention at test and measurement 
benches across the industry. 

Out of what we hear, we develop 
new products. 

Not just DVM’s. Not just counters. 
But also frequency synthesizers, 
automatic test systems, signal generators, 
calibrators, logic board testers, power 
supplies, data loggers, digital 
thermometers, ac and dc standards, and 
differential voltmeters. 

A company that listens so carefully, 
probably has what you’ve been looking 
for. 
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Smart, but friendly. 
The Fluke 6010A Signal Generator 


incorporates a microprocessor for 
free-form entry of frequency in Hz, kHz, 
or MHz. The unit stores and recalls up to 
ten frequencies, modulation, and 
attenuator settings by pushing a single 
button—a feature unique in signal 
generation. 

The microprocessor plays a part in 
several other operations, including 
automatic range selection and automatic 
justification. You can automatically 
justify the frequency entry on the 7-digit 
LED readout to give the greatest possible 
resolution. 

But for all its sophistication, the 
6010A is friendly. It’s easy to use. For 
example, you’ve got continuous tuning 
with the Frequency Edit control—the 
bright digit denotes the tuned decade. 
The bright digit can be incremented and 
decremented with complete carryover 
and borrow capability across a 10 Hzto 11 
MHz coverage. 

Put this intelligent, amiable fellow 
to work for you for only $2495*. 





60 10A Signal Generator 


For information on 6010A—Circle 352 
For information on 5200AAC—Circle #53 
For information on 5205A—Circle 754 
For information on 1900A—Circle 355 
For information on 6160B—Circle 756 
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Keep up the standards 
on the bench. 


From Fluke. A fully programmable 
ac cal setup with range, stability and 
accuracy that’s hard to beat for the price. 

Together, the 5200A Precision AC 
Calibrator and the 5205A Precision 
Power Amplifier can calibrate ac devices 
up to 1200 volts rms. Frequency range is 
dc to 1.2 MHz. DC output of 1600 volts is 
available. Maximum output current is 
200 mA and will drive a 1500 pF 
capacitance load. Long-term stability is 
200 ppm/ 6 months, midband accuracy 
is 0.02% overall, and response is a fast 
0.5 sec. 

Both instruments are short-circuit 
proof, fully guarded and interlocked. 
Phase lock availability and quadrature 
output are standard features. 

The system interfaces easily with 
almost any system. Field installable serial 
and parallel isolated programming 
options are available. This unbeatable 
team goes to work for you for $8990*. 





5200A AC Calibrator and 5205A Power Amplifier 
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Basic counting. 


A new Fluke multi-function 
counter, the 1900A features autoranging 
in both frequency and period modes, with 
20% hysteresis to eliminate annoying 
range switching. There’s leading zero 
suppression and autoreset in all functions 
for easy and correct readings every time. 
A large 6-digit LED display with 
automatic range of 5 Hz to 80 MHz. 
Exceptional sensitivity of 25 mV 
(typically 15 mV). Event counting to 10° 
counts. Signal input conditioning. 
Frequency. Period. Totalize. 

At only $375*, you could say we’ve 
stayed close to the basics. 





1900A Counter 








Are you doing NMR or microwave 
spectroscopy? Be quiet about it. Use the 
new Fluke 6160B Frequency Synthesizer 
with the best signal-to-noise ratio 
available and a guaranteed spurious spec 
of greater than —83 dB. A range of 1 to 
160 MHz with 1 Hz resolution, and from 
1 to 20 MHz the spur spec is — 100 dB. 
BCD programmable frequency control. 
Switching speeds less than a millisecond. 
Modular construction for custom 
tailoring to your needs. And all of this 
quiet costs $5895*. 





6160B Frequency Srachesiet 


For information on 3010A—Circle 357 
For information on 3020A—Circle 358 
For information on 2100A—Circle £59 
For information on 8800A—Circle #60 
For information on 8375—Circle #61 

For information on 8400A—Circle #62 





3010A/3020A Logic Board Testers 


Common sense logic 
board testing. 

With the Fluke Trendar 
3010A/3020A testers, you can perform 
logic board testing without software, 
programmers and lots of money. 

The 3020A is.a console for 
high-volume production applications. It 
comes complete with 128 pins for under 
$30,000*. The 3010A is a compact 
version for field service and low-volume 
production at less than half that price. 

The test engineer doesn’t program in 
the conventional sense. He simply 
develops a test plan which consists of 
selecting the appropriate stimulus 
algorithm for each input. 

And once the test program is 








5'2-digit DVM extravaganza. 

Whatever you need in a DWM— 
Fluke has it. We’re the leader. 

Let’s say you need resolution to 5% 
digits. Look at these three instruments. 

The 8800A is at 0.005%, 
200,000-count bench DVM with 1 ,»V 
sensitivity. It’s light and small, has full 
guarding and autoranging, and sells for 
$985*. Accuracy is a guaranteed+0.01% 
for 90 days over a temperature span of 18° 
to 28°C. Five ranges of de volts from 
+200 mV to +1200V. Four ranges of ac 
volts from 2V to 1200V. True 4-wire 
resistance measurements on all ranges, 
200 ohms to 20 megohms, with 3.3V 
maximum open post voltage. 10,000- 
hour MTBF. And overload protection of 
at least LOOOV on any ac or dc range, 250 
V rms or dc on any ohms range—the best 
in the industry. A wide range of 
accessories includes high-frequency 
probes, high-voltage probe and clamp-on 
ac current probe. An isolated printer 
output option is available. 

For systems applications, Fluke 
offers the 8375A. Standard unit measures 
5 ranges of dc volts and 4 ranges of 
true-rms ac volts. Basic dc accuracy is 
+0.003%. Basic ac accuracy is+0.1%. 
Resistance measurements are made in 7 
ranges from 10 ohms to 12 megohms with 
100 micro-ohms sensitivity. Fluke’s 





entered into memory, you can record it 
easily on a handy little magnetic credit 
card that looks exactly like those credit 
cards in your wallet. The programmed 
card will function interchangeably with 
the production Model 3020A, or the field 
service 3010A. 

Write Don Allen and ask for “The 
Economics of Logic Board Testing.” 
Everything you need to get you into logic 
board testing is there. Economically, fora 
change. 

For data out today, dial (415) 
965-0350. Fluke Trendar, a subsidiary of 
John Fluke Mfg. Co., Inc., 500 Clyde 
Avenue, Mountain View, CA 94043. 











Digital thermometers, 
with options. 

Fluke’s new series 2100A digital 
thermometers offer temperature range of 
—320°F to +3200°F with 0. 1° resolution 
in three models. 

And they’ve got options for 
maximum versatility. 

Like an analog output in four offset 
ranges, both linearized and isolated. The 
linearized feature gives direct temperature 
readings on a strip chart recorder with no 


patented Recirculating Remainder 
A-to-D conversion technique with 
autozero Circuit provides reliable long- 
term accuracy and linearity. A quick 
check of all measurement functions is 
provided by the unique self-test feature. 
Field-installable systems options include 
remote control, data output and dc 
external reference. 

The 8400A is the same basic box as 
the 8375A, with some different features. 
To the capabilities of the 8375A add 
+0.002% basic dc accuracy, plug-in ac, 
resistance and ac or dc ratio options, 


eae 


8800A, 8375A, and 8400A Digital Voltmeters 








2100A Digital Thermometer 


interpolation. And because it’s isolated, 
there’s no worry about ground loops. 

The 2100A has a digital BCD output 
that monitors six thermocouple types 
(Jj, K, E, T, R and S) and two millivolt 
ranges: 40 and 400 mV. The unit operates 
from line, 12V dc or self-contained 
battery pack (7 hours off-line). And you 
can expand up to 100 points with the 
2150A option. 

In addition, these units are rated for 
a minimum 10,000-hour MTBF, have 
excellent noise rejection and come in 
tough, all-metal cases. Prices for the three 
basic models are $795* (2100A-03, 
single-point type), $995* (2100A-10, 
multi-point type), and $1095* 
(2100A-06, multi-thermocouple type). 








switched filter for dc, ac resistance and 

ratio, automatic settling or time-out 

delays and serial or parallel data output. 
Both instruments, the 8375A and 

8400A, offer full autoranging, auto- 

polarity, 20% overranging, pushbutton 

selection and 10,000-hour MTBF. 
Both sell for $2195*. 

*Domestic price only. 

For data out today, dial our toll-free 

hotline, 800-426-0361. 

John Fluke Mfg. Co., Inc., P.O. Box 

43210, Mountlake Terrace, WA 98043 

Fluke (Nederland) B.V., P.O. Box 5053, 

Tilburg, The Netherlands. 

Phone: (013) 673-973 Telex: 52237 





TEST AND MEASUREMENT INSTRUMENTATION. 


For demonstration on 6010A—Circle #63 
For demonstration on 5200AAC—Circle #64 
For demonstration on 5205A—Circle 3£65 
For demonstration on 1900A—Circle #66 
For demonstration on 6160B—Circle #67 





For demonstration 
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on 3010A—Circle 368 


For demonstration on 3020A—Circle #69 
For demonstration on 2100A—Circle #70 
For demonstration on 8800A—Circle 371 
For demonstration on 8375A—Circle #72 
For demonstration on 8400—Circle #73 








-Microprogramming helps squeeze 
more irom your equipment dollar 


Talk to a CPU in its own language cihine can “emulate” a bigger 
unit—or better yet, make its every operation more efficient! 


Gary DesRochers, Western Digital Corp. 


As microprocessors become increasingly more 
important tools, today’s designer is often forcibly 
“inspired” to learn sophisticated programming 
techniques. However, a lack of experience in this 
area often leads to the substitution of more easily 
understood, higher level compiler-derived lan- 
guages. Such languages may require less time to 
write the program, but one should be aware of 
the consequences: These languages are often 
inefficient tools for even a simple. job! A micro- 
programmer, on the other hand, can make his 
machine do what he wants, the way he wants it 
done, and with less computational time (i.e., 
dollars!). 

Microprogramming is simply the use of a 
program language that controls the sequence of 
internal machine-hardware functions. In_ this 
language, microinstructions specify control terms 
that cause the machine hardware to perform an 
elemental function such as transferring a piece of 
data from one register to another. The device is 
then completely software driven, having no 
predetermined sequence of operations imple- 
mented in hardware; linkages of microinstruc- 
tions cause the machine to pero the desired 
function. 

One should recognize, however, that not all 
machines can be microprogrammed; the ma- 
chine’s architecture must be designed for micro- 
programmable control. Depending on the partic- 
ular system in question, microprogramming may 
be applied to any of the various software- 
controlled logic systems (known as processors), 
including wP’s, mini’s and mainframes. - 3 


Is BASIC really basic? 

Very often a program is written in a higher-level 
language such as BASIC or FORTRAN. These 
languages use very general instructions that must 
be “massaged” through several levels of transla- 
tion before commands are in a form the machine 


can act upon (Fig. 1). The use of such languages. 


often results in an inefficient program in compari- 
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Fig. 1—As a designer progresses in the hierarchy of computer 
languages from higher level ones such as BASIC to a 
microprogramming language, the number of programming 
_ steps as well as control and efficiency increases. 


son to direct coding of the machine in its own 
elementary language. | 
In general, then, execution of a single instruc- 


tion issued by a high-level language is no faster 


than if the instruction were microprogrammed; 
indeed, execution in the higher level language 
would most probably take at least several times 
longer. 

_ An efficiency comparison analogous to this 
micro/inacto case occurs every day with respect 
to the routing of telephone calls. Phone signals 
must travel to a central exchange before being 
routed to the desired location, even if that 
location is the house next-door—this is the 
macro-approach. The micro-approach, of course, 
is simply to yell out an adjacent window: The 
information reaches its final destination without 
any detours or interruptions. © : 7 

Likewise, a macroprogram may require that a 
piece of data sit in an intermediate register before 


reaching its desired location, while a microin- 


struction can. transfer data directly. Such a 


~“straight-line’’” approach occurs through the ac- 


quisition of microinstructions from a high-speed 
dedicated memory channel rather than through 


usage of a slower access memory channel prede- 


termined by general- purpose macroinstructions 
(Fig. 2). 

For example, an 8X16-bit binary multiply rou- 
tine, when incorporated in external memory 
programs, typically takes 200-250 psec in a 
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(a) INSTRUCTION/DATA CHANNELS 


CONTROL BUS 





MICROINSTRUCTIONS 





CONTROL BUS 


(b) 
MICRO 
MEMORY 


EXTERNAL 
MEMORY 
SYSTEM 





MACROINSTRUCTION/DATA ACCESS 


CONTROL BUS 


EXTERNAL MEMORY 
SYSTEM & PERIPHERALS 


Fig. 2—Typically requiring 1.5 usec per data instruction, a macroinstruction machine (a) needs much more overhead time 
than a macroinstruction machine’s (b) 0.2 usec per microinstruction access. 


popular microprocessor. When incorporated as a 
routine in micromemory (where all microinstruc- 
tions are stored), the same routine requires less 
than 30 psec. In addition, since the micromemory 
stores these routines, the amount of external 
memory normally used to store subroutines and 
branch instructions (needed to access subrou- 
tines) is correspondingly reduced. 


_ A copy better than the original 


Besides the speed factor, microprogrammable 
architecture can behave in the same manner as an 
existing high-level processor. This mimicking of a 
desirable high-level structure by programming 
subroutines in micromemory is called ““emula- 
tion.” Such emulations may result in a system 
smaller and less expensive than the original, but 
this new system operates on the same, previously 
derived software. : 

Also at the emulation level, one can expand the 
instruction capability contained in the emulated 
machine’s repertoire by creating subroutines and 
associating them with unused instruction opera- 
tion (OP) codes. That design changes can be 
made in the field simply by replacing a micro- 
memory element indicates how easily an instruc- 
tion set can be replaced. 


The ease of changing the processor for design . 


expansions proves another major advantage of 
microprogramming. Since software controls all 
functions in the machine, the designer may add 
or replace programs in the micromemory to 
create improved machine capability instead of 
having to rebuild hardware. This adaptability 
allows one system design to meet several applica- 
tions such as a communications line concentra- 
tor, floppy-disc controller/formatter, bus control- 


ler; etc. } 

Despite the advantages of microprogramming, 
there are some drawbacks. Microprogramming, 
in general, takes more initial programming time 
than does higher level programming, since the 
incremented steps are smaller. A customized 
microprogrammed machine can be somewhat 
more expensive than a fixed-instruction device, 
due to the additional software-development time 
required as well as possible masking charges 
needed when implementing nonvolatile micro- 
memory storage (ROM). 

The concept of a microprogrammable machine 
is not new. Conceived in the early 50’s, this idea 
was actually realized in a number of minicomput- 
ers during the 60’s. Some of the most recent 
efforts have occurred in the development of 
microprogrammable microprocessors: One ex- 
ample is the 3-chip MCP1600 system by Western 
Digital Corp. (Fig. 3) that is particularly well- 
suited for emulation applications. (Digital Equip- 
ment Corp. uses the MCP1600 in its LSI-11 system 
to emulate the PDP-11/40 instruction set.) 


Do your PLA’s speak the same language? 

To emulate a given machine, a microprocessor 
must be able to decode a pre-determined lan- 
guage into controls that perform the required 
functians. In the MCP1600, this translation is 
accomplished by the Programmed Translation 
Array (PTA) that is comprised of a pair of 
programmable logic arrays. The PTA provides 
automatic linkage and calling of the necessary 
microprogram ROM (MICROM) subroutines as a 
function of the macroinstruction inputs. 

As an emulator, its prime requirements are: 
(1) fast speed to rapidly execute the sequential 
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Fig. 3This Schen 5 set is derived along classical computer lines: The data chip handles all 1/O and computations; the control chip 
decodes the macroinstructions, provides microprogram control, and controls external interfaces; and the microprogram ROM 
(MICROM) provides permanent storage for microinstruction routines. 





Our 12 Capacitor plants will keep 
your production line producing 


lf capacitor problems have been 
worrying your production people, 
we can help. For 75 years we hav 
set industry standards with 
innovations like polystyrene and 
polypropylyne film, metalized film, 
stacked film and high dielectric 
ceramic to keep our customers 
ahead of their competition. Our 


success can be your Success. -— 


Twelve capacitor manufacturing 
facilities strategically placed 
throughout the world in Austria, 
Germany, Spain, France, Brazil, 
Mexico, and inthe U.S. will support 
and cross support your every 
capacitor need. Our Mesa, Arizona 
plant, specializing in tantalum 
capacitors, has earned a reputation 
for quality products that will satisfy 
your most demanding industrial 
and military needs. 
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So be it tantalum, standard 
aluminum electrolytic, computer 
grade aluminum electrolytic, 
ceramic, metalized film or stacked 
metalized film, you can rest 
assured that our nationwide 
service organization of 
representatives and distributors will 
react with the right capacitor at the 
right time, and at the right price. 
You have enough on your mind 
without worrying about capacitors. 
So call on us. It will be like owning 
your own capacitor plant. 





For more information, Circle No. 74 
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functions and (2) a flexible and comprehensive —_ between software and hardware offers the advan- 
microinstruction repertoire. In this case, the tage of machine redesign through programming, 
MCP1600 can operate with a 300-nsec microin- — while maintaining control at an efficient hardware 
struction cycle accomplished by ‘‘pipelining,” or — level. O 
fetching the next microinstruction while still 
executing the present one (also called look- 
ahead). The instruction set includes 84 basic 
microinstructions with operator selection of byte 
Or word operations, source and destination Author’s Biography 
registers, ALU flag updating and branch condi- Gary DesRochers, a Sen- 
tions that allow over 50,000 permutations and jg, Application Engineer 
emulation of nearly every processor’s macroin- = with Western Digital 
struction set and address modes. Corp., earned his BSEE 
When the PTA does not generate linkage jumps 
between microinstructions, but instead provides 
for sequential processing, the device acts as a 
microcontroller. In such a case, the machine can 
be programmed to perform a fixed set of 
operations at a rate of up to 3.3M microinstruc- 
tions/sec. Programs can be stored in MICROM or 
random-access memories to allow highly effi- 
cient, dedicated and customized processor 
performance. 


from California State Uni- 
versity at Long Beach and 
his MSEE in computer sci- 
ence from USC. Among 
his accomplishments _ is 
the development of a 
MOS microprocessor and other special-purpose ~ 
computers and computer interfaces. Gary is also 
interested in home computer development. 





Simplicity provides the best solution 


Both microcontrol and emulation provide good 
examples of the power that microprogramming 
gives the designer—essentially his ability to Article evaluation: Please circle one on R.S. card. 
create improved macroinstructions. This link Read Some —No. 313 Read Most—No. 314 


Our reputation for quality Hi-Rel 
zeners just means Were Good, 
Not Expensive 


Look at Our Low Cost DO35 
Zener Diode 
























We can back your action. We are an 
8 billion dollar company with over 
500 million dollars in world wide 
component sales. Our Scottsdale, 
Arizona zener diode facility and 
nationwide service organization of 


lf you need high-quality low-cost 

zener diodes for your industrial 

applications, take a look at our 

low-cost DO35 double-slug zener. sales representatives and field 

It's available from 3.3 to 47 Volts in —s”0lU TS = engineers will keep your 

the IN5225 to IN5261, IN746 to exe Pe i... 2 _ production lines supplied. For 

IN759 and IN957 to IN977 JEDEC 2 ’ + prototypes you can get instant 

series. delivery from one of our distributors 
=... at over 50 stocking locations. Call 

~ or write today for your free Zener 


Significantly, our low cost zeners. 
Diode Wall Chart. 


come from the same place as ou 
Hi-Rel, JAN, JANTX, JAN TXV, - 
S1N and T.C. zeners and are 
manufactured with the same 
attention to detail. 


Siemens Corporation, 

Components Group, 

186 Wood Ave. South, 

4 Iselin, N.J. 08830 
(201) 494-1000 


For more information, Circle No. 75 
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Four 50 MHz channels. Unique triggering facilities. 
Ideal for parallel data analysis. 


‘Zero in on 





As illustrated on the front panel detail, 
triggering is fully independent and multi- 
sourced. This gives a number of unique 
triggering possibilities and is just as useful 
for more conventional dual-trace measure- 
ments. 





Here the main and delayed timebases are 
triggered from different channels, one 
example of the PM 3244's unique triggering 
facilities. Signals can therefore be shown 
even when they are not related to the main 
timebase. 









+ 


Ce POs ot a ee 


Differential measurements can be made on 
the PM 3244 in the conventional manner or 
by using the composite triggering mode. 


Test & Measuring 
latsviaelaalsiaies 


PHILIPS 


Four traces give you the logic story: 
show the relationships at a glance. But 
only the PM 3244 gives you four traces 
relate mis] Nm lare(=) e\ouale(s1almigrecer-ialale me) meat-lia 
and delayed timebases. Thus the main 
timebase can be triggered on any of 
arom (elb | menat-lala(sliome)Oismere)an) eleysil (om 
external and line. The delayed timebase 
can be triggered on any of the four 
(oatelal at-home) [Ukomere)aa] eles<1] (= mam [ale (=) 01-1 9(0 
ently! This gives a number of unique 
itatefetsi diate eXescs=1] 6) |[1((-t>ea@)m=>.¢-180) 8)(2 

alo) Ziale Masit-lilelarcial| som tars lara lecm are) 
directly related to the main timebase, 


iii comtalsmiauenaarslilelamiam->me cit llarsmvalsial 


the main timebase is triggered on an 
address line. 


DYolU] oe) (=t-mie) mel 0l-lpite-(e= 
Th dam) ¢fe-M el: acelauit-lalees 


PM 3244 is the world’s first four- 
(olar-lalalsimexe)ag) ey-(eimr-larem-limeval-lalarcicmal Ws 
full display facilities i.e. sensitivity, 
attenuation, invert, etc. It can therefore 
lo-MUls{o1om CoMaat-l.comise)(-1(c1e Me) melliccie-raletel) 
measurements and when you need 
conventional dual-trace displays, this 
scope also gives them, with two traces 
TaN ccks\c1aViom O)LU Ime lalanr-leralsrem (are lel-ralale| 
facilities. 

All displays are on a large 
8 x 10cm screen and the compact 
construction weighs in at a mere 9.6 kg 
(21 Ib). The price is rather compact too! 

Write for more details. Read 
(o) e) oey=1) (= lele]0] m= lalelial=)mer-lt- Mel got-L.e 
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120 MHz with digitally delayed triggering to over 200 MHz. 


Ideal for serial data. 


ones and zeros 


The PM 3261 is another world first. In 
role!) (felamconerelanu-raleelal-lmtslere(-1aiale mr-\el] be 
ities, the instrument features a digitally 
delayed timebase that can be set to 
trigger on a particular pulse in a data 
stream, the position being displayed on 
the built-in, five-digit LED. This facility 
allows individual events to be located 
quickly and accurately in data streams 
of up to 100,000 bits and then be 

mi¢cle) e\-1e Mm (0) melsitel(s1emellye) Na 





EVENT 
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TIME/DIV x10 
A 
5 21 50 ,, us 
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The event is located using the 
illustrated delay counter, which can be 
Jo) (omorelb alae) ene)me(e)ian-lar-lan-(e|[si-it-le)(-) 
speed as low as one step every two 
seconds. Specific sections can thus be 
Sy €olgalialsre mola lemiaromerelblaldi ale m-1(0)@)e]<16) 
reVal@ Bo} (2) ©) 0{210 mm 6f-(6],@ (08 0) [61,05] ok-la lem elera IC 
any irregularities. 

The digitally delayed counter — 
also overcomes problems of jitter, such 
as occur in mechanical systems like | 
disk memories, tape drives, etc. In such 
cases, if the jitter is longer than one 

- period, a conventional delayed time- 
base cannot be effectively employed. 
Once that display has been trapped, 
accurate time interval measurements 
(or=la olomant= (Ol Me lsi [elemento male) eatt-lme(sii-Ni210 
timebase controls. 2 

Tale-(o(oll(lelamm tatomaar-liem (atl ercts\= 
has a TTL triggering facility to elimi- 
latc\(cmtgiere l=) aiacem e)ce)e)(=1aal-me) au e)¢-s-1alele) 
foNV{=1 =) alololem alae] ale pa cicen 





Philips Test & Measuring Instruments, Inc. 
A NORTH AMERICAN PHILIPS COMPANY 


For more information, Circle No. 10 
For demonstration Circle No. 11 








As illustrated on the front panel detail, one 
push button and one control knob are all 
that's needed to operate the digital delay. 
The required event in the data stream ‘lights 
up, as Shown, and can then be displayed 
using the normal delayed timebase in order 
to make accurate time interval measure- 
ments. 





Zero inonones 


and zeros with the aid of this 


useful 64-page booklet. For further informa- 
tion simply circle the reader service number. 


In the United States: 

400 Crossways Park Drive 
Woodbury, New York 11797 
(516) 921-8880 


fam@relareletce 

6 Leswyn Road 

Toronto, Ontario Canada M6A1K2 
Calc) rAciceyalsis! 


PHILIPS 











It pays to look 
into Metal Glaze 
from all angles. 














Automated helix with 
100% electric test. 


Molded jacket protects 
against breakage 
during machine insertion. 


High-temp. soldered (not crimped) 
termination gives optimum electrical 
contact, 20-Ib. pull strength. 


*TMMetal Glaze is TRW trademark 
for its thick-film resistors. 


We have designs on you. Especially if you’re de- 
signing any type of low-power circuitry and need 
resistors with excellent load life stability and cost 
effectiveness. 


TRW/IRC Metal Glaze resistors can take the heat. 
For instance, their thermal characteristics are out- 
standing, resulting in lower operating temperatures, 
greater reliability. 

Another advantage, you can often double-rate 


our Metal Glaze resistors so you can use smaller 
resistors, saving board space. 
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Available color banded 
or stamped. 


Solid ceramic substrate 
for maximum heat conductivity, 
superior strength. 


Metal Glaze thick-film element 
fused to core at 1000°C. 

Provides a tough resistor 

system that withstands overloads, 
environmental extremes. 


The ability and toughness of Metal Glaze to with- 
stand heat with minimum drift has been proven 
billions of times in all types of electronic equipment, 
worldwide. And they’re available in ratings <3 watts, 
=1% tolerance, with ranges as low as 1 ohm. 


For complete resistor choice including Metal 
Glaze, carbon comp., thin-film, wirewound and net- 
works, contact your local TRW authorized distribu- 
tor or sales representative. Or TRW/IRC Resistors, 
an Electronic Components Division of TRW, Inc.,410 
N. Broad St., Philadelphia, Pa. 19108, (215) 922-8900. 
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% Change in Resistance 





RG PULSE OR SURGE POWER RATING: 
MAXIMUM APPLIED POWER/PULSE ON TIME 


3 4567891 152253 4 567891 15 2253 4567891 15 2253 45678 































































































300 uw Sec. 1M-Sec. 10M-Sec. 100M-Sec. 500M-Sec. 
Note: Average power dissipation not to exceed component rating. 














Degrees Centigrade 









































Overload Protection 


Rugged Metal Glaze construction provides excellent power surge 
capability. A Yaw unit will conservatively operate within specifications 
when exposed to 18w, 10msec pulses, provided average power, and 
max voltage ratings are not exceeded. Ask us about your applications, 
including those requiring steady state conditions exceeding mil rated 


- power. 





TYPICAL TO-55 DESIGN TOLERANCE 


10,000 HOURS 
PURCHASE 


SHELF T.C. OF FULL POWER 
TOLERANCE STORAGE = INSTALL ee (+100PPM) & OPERATION 




















Minimum Design Tolerance 


(Design tolerance = a statistical summation of various parameters in- 
cluding load life, TCR, installation, and moisture resistance) All the 
features of Metal Glaze Resistors result in tight, predictable design 
tolerances which can be as low as +1.5%, depending upon your 
application. 


TYPICAL DISTRIBUTION OF 
TEMPERATURE COEFFICIENT OF RESISTANCE 


@ +150°C 


Absolute, Linear TCR 


T.C.’s of 50, 100, or 200ppm are specified across the entire resistance 
range from 19 to 1M. Our TC characteristic is essentially linear with 
temperature, and is a normal distribution centered near zero. 





AVERAGE RESISTOR TEMPERATURE RISE 
VS. APPLIED POWER 


2S ae NOTE: AVG. TEMPERATURE RISE AT FILM SURFACE; 
USE FOR COMPUTINGT.C.% R 
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RG20, TO60** 















































* 025" dia. leads Watts 
** 032" dia. leads 


High Thermal Conductivity 


A solid alumina substrate and other design fea- 
tures efficiently transfer heat from the resistor 
element. As an example, a Yw unit at full load has 
a hot spot temp rise of only 30°C, half the rise 
experienced in some other types. Cooler opera- 
tion means stability and reliability are optimized. 





Capless Terminations 


All Metal Glaze resistors have our exclusive high 
temperature soldered terminations. This capless 
construction means excellent pull strength and 
prevents substrate damage during assembly. With 
the additional protection of a molded jacket, 1/4w 
Metal Glaze resistors withstand a 20Ib pull test. 


TRW irc resistors 


ANOTHER PRODUCT OF A COMPANY CALLED TRW 


For more information, Circle No. 76 
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Sharp null filter utilizes minimum component count 


Robert Carter 
Arnold AFB, Tennessee 


Constructed around a low-gain quad op amp and 
Suitable for single-ended supplies, this circuit 
configuration provides the sharpest null attaina- 
ble with the least frequency-determining number 
of parts. 

IC, gives the filter (IC,) a low driving source 
impedance, but you can insert a potentiometer 
into the feedback impedance (ganging this poten- 
tiometer with the existing pot (Fig. 1) to compen- 
sate for the 1 factor in the transfer function). 

X 

As regards transfer functions, my active filter 
rejects frequencies of the form f)= 1/27T or 
1/2mRC. With the pot at the 1/3 clockwise 
setting, the circuit gives the transfer function: 


os © eae 
e, 3 1(Ts +1)? 


At the full clockwise setting, the transfer 
function essentially becomes unity and frequency 
independent. You can vary the depth of the 
rejection notch by intermediate settings of the 
pot between 1/3 and full clockwise. This way, you 
can express the transfer function as: 


Cy = 





ae Hs T2s2 + (3—x) Ts+1 Re ee 
eee (Ts +1)? teers 


At the full counterclockwise position the transfer 
function becomes: 


yess 
~ (Ts+1)? 


which gives a peaked response at f, with —6 dB 
gain. 


Eo 
Ga 
Cin 
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R, 15k 


C, : R, 
nN) 0.047 uF 15k 
e, 5 
) + 
C, 10 uF 
R, 
100k R. R, 
100k 100k 
ES 
- + 





REJECTION FREQUENCY = f,= 225.8 Hz 


Fig. 1—Active rejection filter produces an extremely sharp, depth-adjustable ‘‘notch,” yet uses only a small number of 


low-cost parts. 
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EKTRONIX now has 5 ways ~ 
_to look at logic. 
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Ff ve gave you the timing display and 
“binary: readout with our 7D01 Logic 
___ Analyzer. Now, with the DF1 Display 
__ Formatter, which is dedicated to the 
_ 7D01, you have five display formats to 
Operate from, all in a 7000-Series main- 
___ frame. Now you can convert a timing 
_ display into tables of words in Binary, 
Hexadecimal, Octal ... or a mapping 
___ configuration ... whatever your applica- 
___ tion requires. 
A STATE TABLE mode of operation 
produces standard tables of up to 16 
____ lines of 16-bit words. Using the 7D01's 
- cursor, you can step through these ta- 
bles word-by-word in Binary, Hex, or Oc- 
tal. A 17th word is added to each table 
emerging from the 7D01’'s memory, to 
serve as a ‘key’ and indicate you are 
___ indeed scrolling correctly through the 
long memory. The 7D01's fine cursor 





TRIG +828 
1199019091000110 


001100000001 1000 
1990 0011 0010 
190001101 


8110 0011 1000 1190 
ais 


began 
~ 


7001 TRIG +125 


OOGe &§ Ore KY Oe oO on 


Fr rn SE CR oe eee Co) ee ge gue sn 
0 OOM Creer Cire 


o 
BS QHHd Sewo 2so 


603 OSculoscart = 


355 SBE S558 388 3 


7061 TRIG 


od 
w 
on 


"7 ae. 
Tr reeerresmerenaeeneeteretatmeeenpeteensntemnioninssnntatenne 


Balti 


control steps the display line-by-line, 
while the coarse control advances it 
table-by-table. 

One of the most powerful analytical 
Capabilities provided by the STATE 
TABLE mode is that you can display two 
tables—a reference table of “proved” 
data plus a “new” data table drawn from 
a system under test—on the same crt for 
side-by-side comparison. New data that 
is different from the reference data is 
automatically intensified ... you im- 
mediately know faulty data exists, and 
you know its location. 

With the DF1 you can map, not just 


one, but three ways. The ability to map - 


FAST, SLOW, or MANUAL lets you 
quickly recognize a word of interest, 
track it, isolate it, then pinpoint it for de- 
tailed analysis. The importance of map- 
ping is derived from the speed with 
which you can isolate problems. 

The logic analyzer package shown 
(7603 Option 1, 7D01, DF1) starts as low 
as $5790. If you already own a 7000- 


Hexadecimal 


REF TRIG... +*62 


REF TRIG +82 
£42186 


Mapping _ 


\PDOLTRIG +204 












series mainframe, add the 7D01-1 
(7D01/DF1 combination) for only $4390. 
Also consider that your money buys you 
these important 7D01 features: 1) Word 
recognition, 2) 16 channel operation, 
3) 15-ns asynchronous timing resolu- 
tion, 4) 4k formattable memory (4, 8 or 
16 channels), and 5) High Z probes. 

For more information or a demonstra- 
tion of the DF1, contact a Tektronix Field 
Engineer near you. Or write Tektronix, 
Inc., PO. Box 500, Beaverton, OR 
97077. 


United States sales prices are F.0.B. Beaverton, OR. For 
price and availability outside the United States, please con- 
tact the nearest Tektronix Field Office, Distributor, or 
Representative. 


TEKTROND©e 
ae committed to 
technical excellence 


For Technical Data, Circle No. 14 
For Demonstration, Circle No. 15 









Variable-threshold Schmitt trigger uses 555 timer 


M.K. Lalitha and P.R.K. Chetty 
ISSP, Bangalore, India 


With a 555 timer and a handful of parts, you can 
build a fully TTL/DTL-compatible Schmitt trigger, 
capable of being triggered from straight dc levels 
or the slowest input ramps, while still giving 
clean and jitter-free output. 

In Fig. 1a we’ve connected the timer as a straight 
TTL-compatible trigger. Examination shows the 
control-voltage terminal connected to a voltage 
produced by two forward-biased silicon diodes 
(approximately 1.35V). Internally, this voltage hits 


(45 105.5) 


(a) . 


INPUT 









CONTROL 
VOLTAGE 6.64V 5.00V | 4.00V } 3.00V | 2.00V 1.64V 


one of the 555’s two internal comparators directly 
and at the same time is divided by the timers’ 
‘inside’ 5k resistor pair for application to the 
second comparator. 

How does this trigger work? With the output 
initially HIGH, you can increase the input voltage 
from >0 to <1.35V without driving the output 
LOW. When you reach 1.35V, however, this will 
occur. Conversely, the input can decrease until it 
reaches a value of about 0.7V at which point the 
output returns to the HIGH state. Thus, the 
hysteresis equals about 0.65V. We’ve assumed 
that your supply can vary between 4.5 to5.5V asin 
the case of 7400 series logic. But those pinching 


(b) +Vo¢ (4.5V TO 15V) 


OUTPUT 





OUTPUT 
CONTROLLING 


INPUT 


INPUT 







Fig. 1—How do you like your Schmitt Trigger? Once again, the ‘‘toolbox-on-a-chip’’ 555 finds use as (a) a straight 
TTL/DTL-compatible trigger, (b) a variable threshold-type unit and (c) an independently variable hysteresis Schmitt trigger. 
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The Raytheon 2900 family gains five new members 


Whereas: Raytheon is the established alternate source for the Am2901 and Am2909, 
(franchised distributors stocked), and, 
Whereas: Raytheon brought you RAYASM, the powerful micro-assembler available on 


the NCSS computer network, 


Now Therefore: Raytheon announces five additional 2900 family components, giving 
us a total of seven, To Wit: 


2901 A 4-bit Microprocessor Slice—the 
fastest, most powerful LSTTL mi- 
croprocessor in the world. With its cycle-saving 
two-address architecture, the 2901’s speed can't 
be touched. 

A 4-bit Bus Tranceiver— general 
2905 purpose open collector bus inter- 
face device. Data to the 100 milliampere bus drivers 
is provided by a 4-bit register with a two-way 
multiplexer at its inputs. Data from the bus re- 
ceiver may be held in the 4-bit receiver latch on 
its way to the three state receiver outputs. 
2906 A 4-bit Bus Transceiver with parity 

—is equivalent to the 2905 but with 
the addition of an on-chip parity generator/checker. 

A 4-bit Bus Transceiver—similar to 
2907 the 2906 with the two-way multi- 


plexer at the input to the bus driver register elimi- 








nated to allow the device to be packaged in the 
space saving 20-pin DIP. 


A Microprogram Sequencer—that 
2909 can branch anywhere in memory, 
perform sub-routines, then return with up to four 
levels of sub-routine nesting. The device is a cas- 


cadable 4-bit slice which allows addressing of up 
to 4K words of microprogram with three devices. 


A General Purpose 4-bit Register— 
2918 with two sets of outputs: TTL and 
three state. This useful combination can reduce 
your package count for those status, command, 


and instruction registers which must drive both 
your control logic and a data bus. 


es A 1024 x 1-bit Fully Decoded 
9341 Random Access Memory—for 


your high-speed data and control stores. 





Raytheon LSI is on the move. More 2900 family components soon to come include 
PROM'’s, sequencers, look-ahead carry generators, additional RAM’s, and other goodies 


now in process. 


For complete details, contact your local distributor or Raytheon Company, Semiconduc- 
tor Division, Dept. 2900, 350 Ellis Street, Mountain View, CA 94042, (415) 968-9211. 








Am 2900 
SOLD & SUPPORTED 


HERE 








SEMICONDUCTOR DIVISION 


For more information, Circle No. 77 
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pennies can get away without the 2.7k resistor, 
providing the diodes saturate with the current 
delivered by the 555’s internal resistance. 

In Fig. 1b we’ve connected the trigger to 
produce a variable, controlling-input voltage 
(CIV) function. The TABLE shows the tripping 
points for various CIV’s. Notice that the lower 
threshold point (LTP) is nearly half the inherently 
fixed upper threshold point (UTP). 

In Fig. 1c we’ve rigged a variable-hysteresis 
version of the trigger. The circuit operates as 
follows: If the input equals ZERO, the output 
goes HIGH causing transistor Q, to turn ON. 
Thus, the CIV.terminal catches a voltage equal to 
[Vcpsat(Q) + Vz,] (UTP) where Vz, is the voltage 





rating of zener number one. As the input voltage — 
increases, the output falls LOW (at the UTP) and 

Q, turns OFF. Hence, the voltage at terminal 5, 

for the present at least, equals Vz; + Vz. Since 

about half this voltage hits the second compara- 

tor, the LTP will approximately equal (Vz; + Vz»)/2. 

By choosing various zeners you can easily control 

the threshold points to suit your taste. For the 

circuit shown, we’ve selected a LTP of 4.7V and 

an UTP of 5.8V. 0 
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Counter pre-amp matches CMOS logic capability 


Ralph Tenny 
Texas Instruments, Dallas, TX 


Thanks to the digital revolution, most field 
engineers or service technicians would gladly 
welcome a truly portable, long battery-life fre- 
quency counter. But present units, built mainly 
around CMOS logic, generally have one major 
shortcoming: The circuitry used to condition the 
input waveforms; i.e., the amplifier/Schmitt trig- 
ger circuitry, doesn’t provide CMOS-compatible 
frequency response, sensitivity or power con- 
sumption (Ref. 1-3). 

However, this circuit combines the CA3130 and 
CD4010 devices and proves to have sufficiently 
broad frequency response at very low power 
levels (Fig. 1a). Combining PMOS, bipolar and 
CMOS technology on the same chip, the CA3130 
yields high slew rate with low power. Note that in 
the circuit shown, I’ve hooked the output to 1/6 
of a 4010 buffer—the result acts as an operational 
or Schmitt trigger (Ref. 4). Also note that two 
diodes protect the input from overvoltage and 
that I’ve used the amplifier offset control as a 
front-panel, trigger level control. 

Input sensitivity of the amplifier/trigger combi- 
nation equals 50 mV p-p from 1 Hz to 1 MHz; with 
100-mV input, performance extends to 1.5 MHz. 
For period and time-interval measurements with 
digital (fast rise time) waveforms, the circuit will 
produce start/stop triggers from very low fre- 
quency sources. 

Alternatively, a dc-coupled circuit is also feasi- 
ble (Fig. 1b). The only restriction on dc operation 
is to keep the output impedance of the frequency 
source sufficiently low (50 kQ or less) to minimize 
noise pickup. 
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TO COUNTER 
GATING CIRCU 


1/6 CD4010 


(b) 


(c) 


OUT 





8 


+5 VW - 5 


Fig. 1—Waveform conditioning circuitry provides the low- 
power/frequency-response characteristics demanded by the 
CMOS logic family. 
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Finally, Fig. 1¢ shows a simpler input. If you 
operate the counter circuitry from 5V, the trigger 
level control will give optimum centering to 
permit dc to 3-MHz operation at 100 mV p-p.O 


References 


1. “EDN CMOS Design Course—Part 1,” EDN, Nov. 7, 


1972, pg. 20. 
2. “CMOS finally gets it all together,”” EDN, June 15, 
1972, pg. 28. 





3. “CMOS counter circuitry slashes battery power 
requirements,” EDN, Oct. 20, 1974, pg. 65. 

4, “Reduce system noise with CMOS circuits,’”” ELEC- 
TRONIC DESIGN, Dec. 6, 1973, pg. 112. 
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Fight-bit frequency source suited for P control 





Albert Helfrick 
Kay Elemetrics Corp., Pine Brook, NJ 


The need for a digitally programmable frequency 
source usually brings to mind the phase-locked 
loop. In systems under microprocessor control, 


Q 
ey 
2N4125 





however, it’s necessary to insure that the phase- 
locked loop has settled to the frequency desired 
before accepting data. In the digitally controlled 
frequency source described here, the frequency 
change is virtually instantaneous, assuring imme- 
diately valid data. 

A MC1408L8 8-bit monolithic D/A converter, 


+15V 


2N4125 10k 


es v 5V 


Fig. 1—Digitally programmed frequency source employs a monolithic 8-bit D/A converter to supply the constant-charging 


current. 
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sage, force, weight. . 
-_working with. It’s a compact, precision 
____ instrument in a modern, low profile case with 
____ both the indication and the setpoints on the 
same dial. 


EW 


- Beede meter 


relay 


| The Beede MR-4 meter relay monitors and 
controls temperature, pressure, current, volt- 
. any variable you may be 


: You can rely on MR-4 to perform depend- 
ably in all types of applications: temperature 
_ chamber control; vacuum gauge/control; smoke 


density alarm; A.C. power alarm; speed control: 
bearing wear monitor; and many, many more. 

MR-4 features optical, non-contacting 
control and continuous indication. It's com- 
pletely immune to ambient light and you can : 
select from a wide choice of options to tailor the 
MR-4 to your specific need. : 

Availability? OEM quantities from Beede 
in 6 to 8 weeks. For quicker delivery of standard 
models, contact Beede Meter Modification/ 
Distrioution Centers across the country. 

To keep your variables monitored and 
under control, contact Beede or your nearest 
Beede sales representative and ask about the 
new MR-4. 

Call Beede at (603) 753-6362 for meter 
relay application and design assistance. | 
Complete facilities, engineering expertise and | 
nearly 60 years’ experience in metrology are at _ 
your service. Call today. For a free copy of the 
MR-4 brochure, write The Meter Rela y 
Depariment EDN 976. 


Meters indicating excellence 


BEEDE ELECTRICAL INSTRUMENT CO., INC. 
Penacook, New Ham ~_ 03301 : 





the heart of this system, supplies a constant 
current for charging the capacitor, C (Fig. 1). 
Since the output current of the D/A is negative, 
the capacitor voltage becomes more negative 
(linearly) until it exceeds the lower threshold 
voltage at pin 3 of the comparator, A,. This 
comparator changes state and sets the set/reset 
flip-flop; the clear and preset inputs of one-half a 
7476 JK flip-flop serves this purpose. The flip-flop 
then turns on Q, through the level shifter, Q,, 
which quickly discharges capacitor C until it 
exceeds the higher threshold voltage at pin 2 of 
A,. This comparator switches the set/reset flip- 
flop back to its original state, thus allowing the 
capacitor to charge again. 

The 741 op amp inverts and amplifies the supply 
voltage. The voltage as applied to the resistive 
voltage divider, consisting of the three R’s, 


equals —V; (R,/R.). The upper and lower thresh- | 


old voltages are (—V;/3) (R,/R.) and (—2V;/3) 
(R,/R.) respectively. Since the reference current 
for the D/A is also a function of the 5V supply, 
i.e., —V;/R3, all dependence of the output fre- 
quency on supply voltage is eliminated and the 
output frequency equals: 


3R, (128A, + 64A, + 32A; + 16A, 


Fout = 542(R,R,C) +8A, + 4A, + 2A, + Ad) 






low cost DC-41GE 





where A;...Ag sit either LOW or HIGH and provide 
the bits of the digital input. 

Discharge time of the capacitor is very short as 
compared to the charge time. Therefore, the 
waveform at the output of the set/reset flip-flop 
(Four) has a very small duty cycle as well. Since this 
may be undesirable, the remaining half of the 
7476 functions as a divide by two, supplying a 
second output, Foy;/2. 

Typical circuit values for a 10- to 2550-Hz source 
at the F,,; terminal with 10-Hz resolution are: 
R,=27k, R-=10k, R3=2.2,, C=0.1 wF and R=3.9k. 

For true 8-bit accuracy and resolution over 
temperature, remember to choose the compo- 
nents carefully. The capacitor, C, may be of the 
plastic-film type such as polypropoleyne or poly- 
carbonate. The resistors should be temperature 
stable but not necessarily precision type. Finally, 
you should use high-impedance comparators 
such as the LM311. O 
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New 
Az doubly balanced mixers 


CM CM2 








CM, DC-500 MHz 


Low Cost— $4.95 (500) 
— Low Conversion Loss 
6 dB Typical 
High Isolation 
40 dB Typical 
Miniature Size 
4x 4 x 8 





The CM series of doubly balanced 
mixers is the ideal choice for use in 


Low Cot 6i4. 95 (1-49) transceivers, receivers, CATV equipment — 
Low Conversion Loss . 
6 dB Typical 
Low Noise 
6.5 dB Typical 
High Isolation 


oe - Cimarron Division — 
ypica Vari-L Co., Inc. _ 
Mini Size—.4"x.4"x .8” Grannon) | 3883 Monaco Pkwy. 


and commercial instrumentation. 
Write today for free application 
brochures. For immediate application _ 
information call: 303/321-1511. 





Denver, CO 80207 


For more information, Circle No. 80 
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Burr-Brown’s New SDM 853. 
mV to IOV full scale 
Now Thatsa 
Data Acquisition System! 


throughput rate 30kHz 
with full 12-bit resolution. 


Instrumentation Amplifier 
—gain-programmable, but 
uncommitted. Up to 1000 
gain, if you need it, for 
low-level inputs. 































The SDM 853 gives you performance 
that was hard to come by in 
off-the-shelf systems — before 
now. And it’s available in a smaller 
package, just 4.6” x 3.0” x 0.375", 
at a lower price than 
you would expect—only $170 
each in orders of 100 or more. 
Analog multiplexer inputs 
can be connected in 16-channel, 
single-ended or 8-channel 
differential modes. A programmable 
unity-to-1000-gain 


Sample-hold circuit — 
externally accessible. 


instrumentation amplifier gives 
You decide when to 
Sa hae aha th you low-level signal handling 
leave it out. 


capability that was not available 
before — down to 10mV full scale. 


Accuracy |S 0.025% F.S. 
Small Size —Lets you . - 
pack more performance Multiplexer, amplifier, 
into your system than sample/hold, and 12-bit A/D converter 
ever before. 


are separately accessible for 
extreme flexibility. Inout channel expansion 
is unlimited. Throughput 
rate for the system, 30kHz 
for 12-bit resolution, 
can be increased to 45kHz 
for 8-bit resolution. 


The SDM 853 is a lot of system. 
Find out more about it— 
contact us today. 
| Burr-Brown, International 
oe3 a g- ) Airport Industrial Park, 
hegeee i LS ee Tucson, Arizona 85734. 
, Telephone (602) 294-1431. 


Expandable Input 
—up to 16 multi- 
plexed channels 
provided internally. 
Externally ex- — an 
pandable to any : : 
size you need. 


(co BURR-BROWN 





Specialists in 
Data Acquisition 


For more information, Circle No. 81 














New unique design 
OAK rotary switch ; 





Accurate. 
Dependable. 
Long life. 

Up to 60 positions. 
Logic 
programmable. 
Low cost. 





OAK ROTOR DESIGN ~*s. 


The Oak Communicator Series at 
switch features a patent-applied-for 
rotor design for long term contact 
registry and integrity. 

Programming is accomplished 

on a metal-clad, laminated rotor 

of exclusive construction. 


ANGULAR CLEANOUT GROOVE 







INACTIVE CONTACT 


TERMINAL 






High dependability is assured 
because the stationary wiping 
contacts never touch the insulation 
surface. Instead, they move from 
electrically live to electrically 
inactive metal surfaces. Tracking 
is eliminated due to Oak’s exclu- 
sive clean-out grooves and rotor 
circuit design. In addition erosion 
or the formation of particles 
between contact and insulation 
surface is drastically reduced. 


LAMINATE 


piace ACTIVE CONTACT 


CONVENTIONAL ROTOR DESIGN 


CONTACT 
EROSION 





LAMINATE SURFACE TRACKING 












Intermittent opens or shorts 
are almost impossible. 


Complex wiring problems are 
eliminated, because all switching 
logic, wiring and contact 
arrangements are programmed 
within the factory-assembled 
switch. 


Small size (1.665 x 1.5 x 0.4), 
simple construction, accurate 
registration and low cost per- 
mit the Oak Communicator 
Series to be adapted to 
almost any application. 


For additional information and 
specifications, contact your 
nearest Oak sales office or call 
815-459-5000. 


For more information, Circle No. 82 
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Mini floppy disc solves size and 
cost problems in wP applications 


PROGRESS IN 
COMPUTER PERIPHERALS 


A miniature version of the 
already small floppy disc pro- 
vides users with a_ recording 
medium competitive in size and 
cost with cassettes, while retain- 
ing the speed, performance and 
reliability features of a standard 
floppy disc. First available drive 
for this new Minidiskette™ is 
the SA400 Minifloppy™ disc 
drive from Shugart Associates, 
the largest independent supplier 
in the field. 

The small size (5.75x3.25x8 
in.) .and low price: ($250 in 
500-piece volume) make _ the 
Minifloppy drive ideal for wP 
applications, including instru- 
ments, high-end calculators, 
program storage and hobby 
computers. 

Like the larger floppy drives, 
the SA400 is loaded by simply 
Sliding the diskette through the 
slot in the front panel and then 
closing the cover. Unless the 
diskette is properly seated, an 
interlock inhibits door closure, 
thus preventing damage to the 
medium. 





Minidiskette, only 5-1/8 in. in diameter, makes possible a floppy-disc drive 
competitive in size and cost with cassette decks. 


1/3 the capacity, 1/2 the speed 


The 5-1/8-in. Minidiskette re- 
sembles its larger brothers, 
being a tough mylar disc with 
magnetic-oxide coating on both 
sides. Supplied in a 5.25-in.? 
envelope, this small disc has a 
capacity of 80 to 90k bytes 
formatted and 110k bytes unfor- 
matted. While its transfer rate 
(125k bps) is half that of the 
standard diskette, it is low 


SHUGART SA400 PHILIPS 3M 
se Sarcoma dace oe MINIFLOPpy™ | FLOPPY DISC | cassette |CARTRIDGE 





enough to interface with the 
popular 8080 uP without need 
for direct memory access. 

The unit also features 100- 
msec average latency, 566-msec 
average access time, 2580-bpi 
recording density using FM 
encoding and 48 tracks/in. Both 
soft- (SA104) and hard- (SA105) 
sectored discs are offered, with 
16 physical sectors for the SA105. 
Disc life is specified at 3x10°® 
passes/track. 


Interfaces like a standard disc 

Shugart chose an_ interface 
similar to its floppy-disc inter- 
face that has become a de facto 
standard for the industry. This 
interface differs in two ways: it 
includes standard write protect 
and can turn off the drive motor 
from the interface connector— 
an attractive feature in many 
applications. The drive requires 
only standard dc voltages of +5V 
at 1.1A and +15V at 0.5A. 


a2 





High performance designed-in 


Reliability and low service 
requirements were major con- 
siderations in the design of the 
SA400. In view of the expected 
low price of much of the 
equipment that will use this 
drive, this latter objective was an 
important concern. Proven 
high-volume components are 
used with emphasis on low- 
stress Operation. 

For example, the head is the 
same glass-bonded ceramic 
head Shugart makes for its other 
drives. The drive motor is a 
commercially available dc type 


Keyboard cuts costs in half thanks to 


used for cassette recorders. 
Devoid of any complicated 
circuitry, this motor includes an 
internal tachometer pickup for 
accurate speed control. The 
head drive, a dc stepper motor 
with a unique cam positioner, is 
also a high-volume component 
being used extensively in vend- 
ing machines. 

Since it dissipates only 54 
Btu/hr (rather than 250), the 
system runs cool without fans. 
Despite the fact that no preven- 
tive maintenance is required, 
the drive is rated for 8000 





power-on hours of operation. 

This attention to reliability 
results in an error rate of 1 in 108 
soft errors—100 times better 
than cassettes typically exhib- 
it—and 1 in 10'! hard errors that 
cannot be recovered. 

The SA400, with electronics, 
sells for $390 in single quantity. 
A  wP-based .controller (Model 
SA4400) is also offered at a unit 
price of $490. 

Shugart Associates, 435 Indio 
Way, Sunnyvale, CA 94086. 
Phone (408) 733-0100. 
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novel design and automated manufacture 


PROGRESS IN 
COMPONENTS 


Based on X-Y matrix technology 
developed for low-cost calcula- 
tors, these standard keyboards 
sell for 4¢ per switch position at 
100,000 pieces, and less for 
higher volumes. They feature a 
low-profile design; tactile feed- 
back; 500,000-cycle min. life- 
time; 6+2-o0z actuation force; 
and high-quality precious-metal 
contacts. These units thus com- 
pete with keyboard designs 
costing several times more. 

To use this attractive package 
of features, however, the de- 
signer must accept certain limi- 
tations. First, and most impor- 
tant, the keyboards are currently 
offered in 20- and 24-position 
versions only. No other options 
are available at this time. (Of 
course, if a user requires fewer 
positions, he can mask off the 
ones not needed.) 

Second, spacing is limited toa 
nominal 0.5 in. However, key- 
tops can be offset from the 
centers of the switches by up to 
0.05 in. which does allow some 
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arrangement flexibility. 

Third, electrical bounce is 6 
msec, max. And fourth, the 
electrical format of the switch 
array is also standardized in the 
X-Y arrangement. 

Thus, because the keyboard’s 
electrical and physical matrix 
coincide, the user’s circuits must 
accept X-Y switching options. In 
turn, this means that the 


keyboard must be considered 
early 


in the product design 








Tactile feedback at 4¢/position (100,000 pieces) is achieved by implementing a design 


cycle—definitely before logic 
design begins. 

Both keyboards come com- 
plete with a lead frame whose 
wires are arranged in a row at 
the top. These leads can be 
inserted directly into the 
motherboard and wave- 
soldered for fast assembly. 

Texas Instruments Inc., Data 
Controls Dept., Attleboro, MA 
02703. Phone (617) 222-2800. 
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that uses few parts, eliminates a circuit board (so no soldering is required), and is 
manufactured on a fully automated, high-volume assembly line. A wire umbilical 
simplifies connections with the motherboard. 
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ChipStrates’ 
cost up to 40% less than other 
power SCRs and Triacs. 


And thats only the beginning. 





and come ina rugged, electrically 
insulated package. 

Their exceptionally good form 
factor will simplify the packaging 
of your system. 


- ChipStrates are glassivated power 
SCR or Triac chips mounted on 
solderable ceramic substrates. 
Since they eliminate the need for 
expensive metal packages, they 
cost up to 40% less than other 
power SCRs or Triacs. 

For example, our 55A, 400V, | 
ChipStrate goes for just $3.80 in 
quantities of 5,000. The electrically — 
equivalent press fit Triac willrun , 
you $5.00 in the same quantity. 
But that’s not all. 


ChipStrates are available in ratings 
from 3 to 55A and up to 800V 


And their reliability is unmatched. 
ChipStrate. The new concept in 
SCRs and Triacs that gives you 
more. And costs you less. 








For the full story, just call or 
write: Carl Uretsky, 
Unitrode Corporation, 

580 Pleasant St., Watertown, 
MA 02172. 617-926-0404. 


Wy) 


ages LNITRODE 


™ChipStrate is a trademark of Unitrode Corporation. 


For more information, Circle No. 83 
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With KEMET Monolithic Ceramic Capacitors, you get a wide range of types, sizes and capacitances 


¢ a | 1) IC S EL ne | | O N ; KEMET ‘PRopuct caause 


from a single, reliable source—to make specification and selection simpler and faster for you. 
Take your choice of CK05-CK16, CKRO5-CKR16, CDR Established Reliability Chips, MIL-C-20, 


i "PGE MAS” Derren 


Dipped, “Solder Guard” and “Gold Guard” Chips, or KEMET BX and NPO Monolithic Ceramic _-- 
Capacitors. sca tec 


Name the dielectric—Ultra-Stable NPO, Stable BX or General-Purpose Z5U—with radial or 
axial leads in the size you need. 

Get complete selection data. Write today for your free copy of the KEMET Monolithic Ceramic 
Capacitors Catalog. 

Components Department, Union Carbide Corporation, P.O. Box 5928, Greenville, SC 29606: 
phone (803) 963-6300, TWX: 810-287-2536, or Telex: 57- 0496. 

Or see your local KEMET Capacitors Distributor. 
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COMPONENTS DEPARTMENT In Europe: Union Carbide Europe, S.A. 5, Rue Pedro-Meylan, 


Geneva 17, Switzerland Phone: 022/47 4411 Telex: 845-22253. 


KEMET is a registered trademark of Union Carbide Corporation. 


For more information, Circle No. 84 
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LCD’S. Model LCD-100, an alphanumeric 
display based on a dynamic-scattering 
principle, features a pins-in-glass tech- 
nique that allows electrodes to be routed 
through the backplate for increased 
char. density. A static CMOS serial/ 
parallel shift register, which serves as an 
ac drive, needs no refresh and accepts 
data up to 5 MHz. Display lines come 
with 4 to 72 chars. Typ. power 
requirement is 25 wW/char. from a 15V 
dc supply; lifetime, 3<10* hrs. $50/char., 
with delivery 8 wks. ARO. Itek Applied 
Technology, 645 Almanor Ave., Sunny- 
vale, CA 94086. Phone (408) 732-2710. 

Circle No. 195 





CIRCUIT BREAKERS. The Mini-Mag 
Series W67 single-pole, W68 double- 
pole and W69 triple-pole magnetic 
hydraulic breakers feature circuit clear- 
ing time as fast as 9 msec. With 
trip-current ratings ranging to 30A, these 
breakers will interrupt fault currents up 
to 2000A. They feature wipe-on-make 
contacts, are temp. stable between —40 
and +85°C, and have max. operating 
voltage ratings of 250V ac, 60 or 400 Hz, 
and 50V dc. $3 (OEM aqty.). Potter & 
Brumfield, 200 Richland Creek Dpr., 
Princeton, IN 47671. Phone (812) 
386-1000. Circle No. 196 





ROTARY SWITCHES. P/rel™ switches 
provide an economical alternative to 
conventional rotaries in the manual 
switching of complex binary codes. 
These switches are fully programmable 
up to 60 detent positions (to users’ truth 
table), and can use any code. They 


feature an enclosed housing to resist 
contamination, a dual-ball starwheel 
design that provides positive indexing 
and longer life, and plated-metal front 
plate and shaft. $2.25(1000) for single 
deck unit with 8-12 wks. delivery. 
Standard Grigsby, Inc., 920 Rathbone 
Ave., Aurora, IL 60507. Phone (312) 
897-8417. Circle No. 197 


INDICATORS. The red, solid-state, 
status/fault indicators in the 6310 Series 
have a wide viewing angle from both top 
and front. Designed for operation on 
low power, these devices offer long life, 
good shock resistance and high reliabili- 
ty. Indicators can be driven from DTL 
and TTL, and have 0.3-in. pin spacing for 
DIP compatibility. The 5V, 16-mA unit 
comes with an internal resistor; the 1.7V, 
40-mA design requires an external 
resistor. 70¢ (1000) and 65¢, respectively. 
Chicago Miniature Lamp, 4433 N. 
Ravenswood Ave., Chicago, IL 60640. 
Phone (312) 784-1020. Circle No. 198 





DPM. Model 4424 is a rugged industrial- 
grade instrument that features a very 
readable high-intensity 0.6-in. display, a 
high-impedance FET input and a BCD 


output. High performance results from 


charge-balance (quantized-feedback) 
conversion techniques, and eliminating 
a master chip retains user flexibility. 
This DPM can accept a second internal 
pc board to provide for most signal- 
conditioning conversions. $135. LFE 
Corp., 1601 Trapelo Rd., Waltham, MA 
02154. Phone (617) 890-2000. 
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CAPACITORS. The VK family of NPO 
cased radial ceramic units features 
capacitance tolerance as low as 0.25%, 
and a range from 10 pF to 0.051 uF. Units 
are available in 3 sizes: 0.2<X0.2X0.1 in. 
(VK20), 0.3x0.3x0.1 in. (VK30) and 


0.5x0.5x0.155 in. (VK50). This line 
features a TC of +30 ppm/°C, a —55 to 
+125°C temp. range and 50 and 100V dc 
ratings. Parts are offered with solder- 
coated copper leads, and withstand 
600°F for 6 sec. $1.50 to $10 (500) with 
delivery 8-10 wks., ARO. Vitramon, Inc., 
Box 544, Bridgeport, CT 06601. Phone 
(203) 268-6261. 





SOCKETS. Series 440 sockets are offered 
in 3-, 4-, 8- and 10-contact sizes. They 
combine precision-machined contact 
assemblies for reliability, with molded 
insulators for max. economy. These 
sockets also have an ultra-low profile 
and are available with 0.2- or 0.23-in. dia. 
pin circles. Insulators material is glass- 
filled nylon; contacts are beryllium 
copper with gold-over-nickel plating; 
and the sleeves, brass with either tin- or 
gold-over-nickel plating. 25¢ to $1.50. 
Garry Mfg. Co., 1010 Jersey Ave., New 
Brunswick, NJ 08902. Phone (201) 
545-2424. Circle No. 201 


ROTARY SWITCHES. Capable of up to 60 
positions, Communicator Series switch- 
es have a unique rotor design that 
provides long-term contact registry and 
integrity. A single section accommodates 


2 7-bar readouts or 2 8-bit binary codes 


with separate commas. Plastic materials 
have a 94-VO rating, and terminals are 
designed for pc-board mounting. $2.30 
(1000) for single-section unit; $3.60 for 
double. Oak Industries, Inc., Crystal 
Lake, IL 60014. Phone (815) 459-5000. 
Circle No. 202 


RESISTORS. The PW Series of ceramic- 
encased power wirewound resistors 
offers values from 0.0019 to 30 kQ in 
ratings from 2-50W. Designed primarily 
as low-cost alternatives to military-grade 
units, these units can also serve as fuse 
resistors that open circuit cleanly and 
permanently. In addition, the line 
includes noninductive windings and true 
pc styles with either radial wire leads or 
lugs. 7¢ to 19¢ (1000). RCD Corp., 8 
Blueberry Lane, Bedford, NH 03102. 
Phone (603) 669-0054. Circle No. 203 
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Positions, everyone. 
New HV 
interconnections. 










With three multiposition high- 
voltage interconnections added 
to the LGH line, our military and 
commercial coverage is broader 
than ever. 

The new 7-position circular 
connector is designed specifically 
for electronic warfare use. Yet, this A 
one design is so universally ef- 
fective it’s filling the connection 
gaps in a number of other criti- 
cal military electronics applica- 
tions. 

And consider the 60-position 
quick disconnect. It’s an interconnection first. Compact, 
lightweight, field-installable, for high or low voltage, here’s 
a technological development so ad- 

vanced it’s being used in helmet- 
mounted sites and displays. 





For medical electronics, lasers, industrial machines, and 
the like... the 7-position commercial circular connector. 
Deeply recessed contacts, built-in strain relief. There’s 
nothing else like it. 

No matter what position your product 
is in, we have the HV interconnections 
in the positions and configurations 
you need. For data, contact 
AMP Incorporated, ys 
Capitron Division, 
Elizabethtown, PA 
17022, (717) 367-1105. 


INCORPORATED 


For more information, Circle No. 85 
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COMPONENTS/PACKAGING 








SOCKET. The bifurcated pin contacts in 
this 22-pin socket guarantee positive 
electrical contact with round or square 
pins. Precision molded with glass-filled 
thermoplastic, the socket’s closed entry 
apertures prevent contact damage due 
to insertion of oversized pins. Solder 
wicking protection is provided, and a 
high standoff design eases board 
cleaning. Units come in either solder-tail 
or 2- or 3-level wire-wrap pin configura- 
tions. 78¢ to $1.79, depending on qty. 
Aries Electronics, Inc., Box 231, French- 
town, NJ 08825. Phone (201) 996-4096. 
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TRIMMERS. Cermet, immersion-sealed 
devices with 20 turns, Type MT trimmers 
have multifingered wipers for high 
adjustability and a TC of +100 ppm/°C for 
high stability. The 3/8-in. square units 
are rated at 0.5W at 70°C, have a 
resistance range of 109 to 2 MQ (+10%) 
and operate from —55 to +125°C. Three 
mounting styles, with both top and side 
adjust, are offered. $1.20 (500). Allen- 
Bradley Co., 1201 S. Second St., 
Milwaukee, WI 53204. Phone (414) 
671-2000. Circle No. 205 





DISPLAY. A 6-digit, 7-segment device 
with 0.5-in. high characters, the W06- 
0002 gas-discharge display panel aims at 
the POS terminal market. Measuring 
only 5.2X1.4x0.25 in., this unit has 5 


decimal points, plus 12 annunciator 
points that can be used to indicate the 
appropriate function. The display’s 
‘‘halo-effect’’ backlight yields improved 
visibility, clarity and contrast. $18.75. 
Cherry Electrical Products Corp., 3600 
Sunset Ave., Waukegan, IL 60085. Phone 
(312) 689-7702. Circle No. 206 
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TERMINAL STRIPS. Molded from natural 
polyamid 6.6 nylon, the EDS-Series strips 
have a flexible insulating body that can 
be field cut to any number of poles and 
shaped to any surface. Strips are 
available in terminals from 1 to 10 and in 
12 poles; are rated for 300V; and can 
handle 16, 12 or 8 AWG wire. Their 
all-nickel-plated brass terminals are 
either deeply recessed or enclosed for 
dead-front safety. $6.80 to $194 (100). 
Electrovert, Inc., 86 Hartford Ave., Mt. 
Vernon, NY 10553. Phone (914) 664-6090. 
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POTS. Model 81/82 single-turn pots 
come with optional rotary-switch mod- 
ules (Model 85/86) for applications that 
require an integral ON/OFF function. 
Any combination of up to 3 switches 
and/or resistance modules may be 
ganged behind the primary unit. Other 
features include dpdt or dpst contacts, 
CW or CCW detents, and in-line or 
right-angle solder lug terminals. Con- 
tacts (dpst) are rated for 2A at 125V rms. 
89¢ (500) for a dpst rotary-switch 
module. Bourns, Inc., 1200 Columbia 
Ave., Riverside, CA 92507. Phone (714) 
781-5140. Circle No. 208 


KEYBOARD SWITCH. With a 12° plung- 
er, Model DI-120 is designed for stepped 
and sculptured keyboards. It has < a 
0.5-in. profile and features a double set 
of cross-point, gold-alloy contacts, 
rugged construction and low contact 
bounce. Enclosing the contacts in a 
separate assembly within the switch 
housing prevents contamination. Life is 
spec’d at 20x10° operations, and 
terminals are sealed to permit soldering. 
27¢ (100,000). Data Interfaces, Inc., 12 
Cambridge St., Burlington, MA 01803. 
Phone (617) 272-7456. Circle No. 209 








RELAYS. Designed to provide high 


_ switching capacity, the HL Series offers 


spdt versions rated for 15A at 125V ac and 
dpdt models with 10A at 250V ac ratings. 
Coil voltages of 6 to 110V dc and 6 to 
240V ac are standard on both. Max. 
switching power for dc and ac loads is 
90W and 1.875 kVA, respectively. The 
relays have a mechanical life of >108 
operations and are available in plug-in, 
pc-board and top-mounting configura- 
tions. $1.99 (1000). Arrow-M Corp., 250 
Sheffield St., Mountainskde, NJ 07092. 
Phone (201) 232-4260. Circle No. 210 





C. Itoh Introduces 
Low Cost, Full Alpha-Numeric, 
Dot-Matrix Impact Printers 
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For more information, Circle No. 86 


“+ Motor(s : 


- Variable font and densit 
software control 


100-125 VAC, 50/60Hz 
y capability under 


«Simple electronic interface 


gy «6C. ITOH ELECTRONICS. INC. © 


Los Angeles Office: New York Office: 
5301 Beethoven Street 280 Park Avenue 
Los Angeles, CA90066 New York, N.Y. 10017 
Tel (213) 390-7778 Tel: (212) 573-9456 
573-9467 
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Developed and Manufactured by: 
LRC, INC., RIVERTON, WYOMING, U.S.A. 
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LP ANALYZER. The low-cost Model 50, 
essentially a sophisticated address and 
data-bus monitor with hardware break- 
point capability for microprocessors, is 
usable with all wP’s that have accessible 
address and data buses up to 16-bit wide 
each. Model 50 can be used as a passive 
real-time monitor or as an interactive 
breakpoint generator, and operates to 
4-MHz clock or instruction-cycle rates 
and to 8 machine cycles/instruction. 
$865. Delivery, 60 days ARO. Systron- 
Donner Corp., 10 Systron Dr., Concord, 
CA 94518. Phone (415) 676-5000. 
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DMM. Model 283, with 4 ranges each for 
ac and dc voltage and current and 6 


ranges for resistance, has a 3-1/2-digit, ° 


0.41-in. LED display. Basic accuracy is 
0.5%. on “de: V; 1% “on ac’ V’ and’ #). 
Autodecimal, out-of-range indicator, 
auto polarity and 100% overrange are 
standard—as are a low-voltage circuit for 
Q measurement and overload protec- 
tion. $170. Dynascan Corp., 6460 W. 
Cortland Ave., Chicago, IL 60635. 
Phone (312) 889-9087. Circle No. 212 





els, designed to meet UL478, have been 
added to the JP series. Rated at 2V/100A, 
5V/100A, 6V/100A, 12V/43A, 15V/35A and 
24V/23A, they operate from 90-132 or 
180-264V, 48-63-Hz input. Their output is 
floating, and all offer inherent overload, 
overvoltage, reverse-voltage and ther- 


mal protection. Also, all units have 
provisions: for remote sensing, remote 
shutdown, and remote control—and can 
be paralleled. $595. ACDC Electronics, 
401 Jones Rd., Oceanside, CA 92054. 
Phone (714) 757-1880. Circle No. 213 
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ELECTRONIC THERMOMETER. Fur- 
nished complete with instructions, 
battery and 3 probes with 15-ft leads, the 
Model 1720 can monitor temperature 
anywhere—outdoors or in. Normal 
battery life is 1 yr. Probes may be placed 
as far as 1000 ft from the instrument 
simply by splicing an 18- to 20-gauge 
lamp cord into the probe lead. To 
Operate, you simply switch to RUN, 
press a probe button and read. $69. 
Pak-Tronics, Inc., 4044 N. Rockwell St., 
Chicago, IL 60618. Phone (312) 478-8585. 
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PULSE GENERATOR. Model 701 features 
a pulse repetition rate of 10 Hz to 10 
MHz, an output pulse amplitude of 0-5V 
across 50Q) (0-10V unterminated), and 
rise and fall times of <5 nsec. Jitter, 
including pulse-width and rep.-rate, is 
<0.1%. A second (trigger) output of 1.2V 
has 50-nsec width and 10-nsec rise and 
fall time. $125. Dytech Corp., 2725 
Lafayette St., Santa Clara, CA 95050. 
Phone (408) 241-4333. Circle No. 215 


COATING THICKNESS TESTER. The 
direct-reading Model ED reads out 
coating thickness in mils or microns on 
magnetic, nonmagnetic and nonmetallic 
base materials. Phase-sensitive circuitry 
and multicoil probe design permit stable 
operation and direct dial-in of the scale. 
Readings are nondestructive and can be 
made on as small a target as a 1/16-in. 
circle. Weight is 5 lb. and dimensions are 
5xX7X9 in. From $1195. Sigma Labs, Inc., 
88-11 31st Ave., Elmhurst, NY 11369. 
Phone (212) 898-2427. Circle No. 216 


COUNTERS. The 3 communications 
counters of the 6240 Series share several 
features: 10-mV sensitivity, the ability to 
withstand exceptionally high input- 
signal levels, an RF input protected by 
overload fuse, full 8-digit LED display, 
selectable resolution in decade steps 
from 10 kHz to 0.1 Hz and a time-base 
oscillator offering +2 parts in 10°/yr. 
Bottom frequency for all 3 is 20 Hz. 
Model 6241A (100 MHz), $595; Model 
6242A (512 MHz), $795; and Model 6243A 





(1250 MHz), $995. Systron-Donner 
Corp., 10 Systron Dr., Concord, CA 
94518. Phone (415) 676-5000. 
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POCKET-SIZE THERMOMETER. Especial- 
ly useful for measuring small-area 
surface temperatures, the Model 33-100 
contact thermometer with platinum 
sensor covers from —50 to +900°F or —50 
to +500°C. Readings are within 0.1° over 
most of the range; accuracy at room 
temperature, 0.5% +1 digit. Tempera- 
ture changes are updated 3 times/sec on 
a LED readout. The thermometer 
operates for 4-1/2 hrs. on built-in, 
rechargeable nickel-cadmium batteries. 
Barnes Engineering Co., 30 Commerce 
Rd., Stamford, CT 06904. Phone (203) 
348-5381. Circle No. 218 


CLASS D AMPLIFIER. Weight of only 52 
lb. and size of 8-1/2x8-1/2x20 in. make 
the 5000W Model 61123 unique. The amp 
provides a 70-db dynamic range and 
handles peak power to 20 kVA for 
amplification of noise-type signals. IM 
distortion runs <0.5% and total harmon- 
ic distortion is <2%. Frequency re- 
sponse is flat to 10 kHz. Expected MTBF 
is >10,500 hrs., while power dissipation 
is <15% of the output VA. $8000. Delta 
Electronic Control Corp., 1601 Pomona 
Ave., Costa Mesa, CA 92627. Phone (714) 
646-7776. Circle No. 219 
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MEMORIES 
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CHART RECORDER, Model DASH 1, 
runs 8 hrs./charge on Gel-cell batteries 
and has a chart drive mechanism that 
provides an infinite variety of chart 
speeds. It weighs 18 Ibs. and features 
automatic chart-loading without thread- 
ing. Specs include 0.5% F.S. accuracy 
and frequency response flat from dc to 
100 Hz at 10-mm p-p amplitude. 
Sensitivity is 1 mV/mm to 1V/mm (50V 
F.S.). $1150. Delivery, 60 days ARO. 
Astro-Med, Atlan-Tol Industrial Park, 
West Warwick, RI 02893. Phone (401) 
828-4000. Circle No. 220 


PERFORATED 
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POCKET DMM. Its 3000-count, 3-1/2- 
digit LED display, autopolarity and basic 
autozero—plus full overload 
protection—make the DM-50 unique. 
The measurement span is to 1000V ac 
and dc (1-mV resolution), to 2A ac and dc 
(1-yA resolution), and to 3 MQ (QO 
resolution). Input Z is 10 MQ. Complete 
with nickel-cadmium batteries and 
charger, $195. Innovative Electronics 
Technology Labs., Inc., 335 Bear Hill Rd., 
Waltham, MA 02154. Phone (617) 
890-5105. Circle No. 221 


LOGIC TESTER. The field-portable Data- 
tester 1200 weighs 11 Ib and provides a 
single digital test capability to replace a 
separate oscilloscope, freq. meter, pulse 
timer, DMM, peak-reading VM and 
duty-cycle meter. Used in conjunction 
with systems signals, the Datatester 1200 
can diagnose entire system logic arrays 
and isolate faults down to the compo- 
nent. The unit measures frequencies to 
35 MHz and rise/fall times, widths and 
periods to 10-nsec resolution. $1995. 
Delivery, 60-75 days ARO. Data Test 
Corp., 2450 Whitman Rd., Concord, CA 
94518. Phone (415) 689-3583. 
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MATERIALS 


AVAILABLE FROM STOCK 


Write for 
FREE 


STOCK LIST 
CATALOG 


PERMIiS —Perforated Stock Division 
THE HARRINGTON & KING 
PERFORATING CO. INC. 


CHICAGO OFFICE 


5650 Fillmore Street 
Chicago, Illinois 60644 | 
(312) 626-1800 


EASTERN DIVISION 


E. Crescent Ave. at Arrow Rd. 
Ramsey, New Jersey 07446 
(201) 825-2380 





For more information, Circle No. 88 
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SUPPLIES FOR yuP’S keep the power 
supply external to the customer’s 
product enclosure. The result is less heat 
and noise problems, less need for 
shielding and no need to obtain UL 
approval of the customer’s product. All 
are designed for UL and CSA listing. 
Available models range from those that 
have a single output of 12V at 250 mA or 
9V at 100 mA (M12-250 and M9-100) to 
the 3-output M5-1212 that delivers +5V 
at 500 mA, +12V at 150 mA and —12V at 
150 mA. Dynamic Instrument Corp., 933 
L.l. Motor Parkway, Hauppauge, NY 
11787. Phone (516) 234-2900. 
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LAB/SYSTEM SUPPLY. The 200W Model 
6002A supply operates both as a 
constant-voltage and constant-current 
source, with its output adjustable 
manually or (optionally) under HP-IB 
control. Adjustment range is 0 to 50V and 
0 to 10A. Systems features include 
remote sensing, auto-series, auto- 
parallel and remote analog programming 
of voltage and current. Regulation specs 
at 0.01%; ripple and noise at 1 mV rms 
(10 mV p-p) over a 20-MHz bandwidth. 
$800, plus $350 for HP-IB option. 
Hewlett-Packard Co., 1501 Page Mill Rd., 
Palo Alto, CA 94304. Phone (415) 
493-1501. Circle No. 224 





LINE-FREQ. MONITOR. Model LF60 
measures frequencies from 10.00 to 
99.99 Hz (1 to 300V input) with 0.01-Hz 
accuracy and a 1-sec update rate. The 
4-digit, 0.4-in. LED readout is easily 
viewed, and a high-stability crystal 
reference eliminates the need for 
calibration. Input power is 110 or 220V 
+20%. $275. Electro Industries, 109 
Nassau Dr., Albertson, NY 11507. Phone 
(516) 621-6652. Circle No. 225 
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SCIENTIFIC CALCULATOR with fraction- 
al capability, the 8-digit Model FX-19 can 
add, subtract, multiply and divide 
numbers expressed in fractions—as well 
as handle trigonometric and inverse 
trigonometric functions, common and 
natural functions, exponentiations, 
square ‘root, reciprocals, sexagesimal/ 
decimal conversion, m entry and 
Statistical calculations including 2 kinds 
of standard deviations. Operation is on 4 
penlight cells. $34.95. Casio, Inc., 15 
Gardner Rd., Fairfield, NJ 07006. Phone 
(201) 575-7400. Circle No. 226 
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THERMOMETER/MULTIMETER. In a 
pocket-sized probe, Model 12T packs a 
3-1/2-digit, 14-range device that offers 
autoranging, autopolarity, and 0.1% 
accuracy (V dc). This unit measures from 
1 mV to 750V dc, 200 mV to 750V ac, 19 
to 19.99 MQ, and —55 to 153.5°C. The 
price of $259 includes T/DMM probe 
body, voltage/resistance probe tip, 
temperature probe tip, ac battery 
charge/adapter, nickel-cadmium batte- 
ries, oOperator’s manual and carrying 
case. Logical Technical Services Corp., 
71 W. 23rd St., New York, NY 10010. 
Phone (212) 741-8340. Circle No. 227 


50W SWITCHER. Model TD101 measures 
only 6-1/2x4-1/2x1-1/2 in. and weighs 
just 1.7 Ib. It operates from 90-130V, 
47-450-Hz input, and features 75% 
efficiency (at full load), remote sensing, 
current limiting, inherent short-circuit 
protection, and a built-in crowbar that 
trips at 6V. Regulation is +0.1%, line and 
load. Threaded inserts on the bottom 


and 1 side permit mounting to a chassis. . 


$240. Tele-Dynamics, Div. of AMBAC 
Industries, Fort Washington, Pa 19034. 
Phone (215) 643-3900. Circle No. 228 


—_ PHILADELPHIA — 
_ SHERATON VALLEY FORGE HO 
_ KING OF PRUSSIA, PA. 
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LINEAR 1 kW RF AMP. Intended for use 
with SSB transmitters or transceivers in 
the 100W class, the 2-30-MHz Model 
T1000 amplifier is broadband and can 
Operate on an infinite number of 
channels without tuning adjustment. 
Internal filters that provide harmonic 
attenuation of 60 dB can be selected by 
push-button or remote control. Four 
250W amplifier modules are used, and 
the amplifier has both extensive meter- 
ing and full protective circuitry. $2,795. 
Trans World Communications, Inc., 1080 
W. Washington Ave., Escondido, CA 
92025. Phone (714) 747-1079. 

Circle No. 229 
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INSTRUMENTATION/POWER SOURCES 





OPEN- FRAME SUPPLIES. 


Fifty-one 
models—including 35 single-, 8 dual- and 
8 triple-output versions—comprise this 
OEM series. Voltages run from 5 to 24V 
in singles, from +5 to +15V in duals and 


+12/5V or +15V/5V in triples; and 
current outputs range from 1 to 50A. All 
feature +0.15% regulation (line and load 
combined), 2-mV rms ripple and noise 
and built-in, short-circuit protection 
with automatic recovery. From $26. 
Power Pac Inc., 18 Marshall St., South 
Norwalk, CT 06854. Phone (203) 866- 
4484, Circle No. 230 


AUTORANGING DMM. A battery- 
powered 3-1/2-digit device, the Model 
PM2514 has LED readout, 10 MQ input 
resistance, accuracies specified for 6 mo. 


(100-mV resolution) and 2000 to 2 MQ 
(with 0.19 resolution). The 2514 also can 
read temperatures from —60 to +212°C 
using an optional probe. $255. Philips 
Test & Measuring Instruments, Inc., 400 
Crossways Park Dr., Woodbury, NY 
11797. Phone (516) 921-8880. 

Circle No. 231 





EIA A,B SELECTOR SWITCH. Model 
8506-D switches the 24-pin EIA RS232 or 
CCITT V.24 interface to either of 2 
outputs. One modem may be switched 
to 1 of 2 front-end-processor data 
channels or to 1 of 2 data terminals. 
Alternatively, the module will switch a 





2-1/2X5-1/4X8 in., and highly reliable 
switching is provided by precious-metal, 
self-wiping contacts that are completely 
enclosed. $105. International Data Sci- 
ences, Inc., 100 Nashua St., Providence, 
RI 02904. Phone (401) 274-5100. 

Circle No. 232 





SIGNAL GENERATOR. With the Model 
760 you get continuous, single-knob 
tuning from 1.5 to 520 MHz as well as 
tuning during phase lock, with 10-Hz 
resolution. Also featured are AM, FM 
and pulse modulation that can be used 
independently or simultaneously; an 
external frequency counter; and an 
internally detected RF output that tracks 
within 0.5 dB of the RF output, which is 

+1/2 dB. $4675. Delivery, 120 days 
ARO. LogiMetrics, Inc., 121-03 Dupont 


Plainview, NY 11803. Phone (516) 
Circle No. 233 


data channel from its on-line modem to  St., 
a backup modem. Switch dimensions are 681-4700. 


and full overload protection. Ranges 
span 0.2 to 1000V dc and 0.2 to 600V ac 





HERE’S THE GREAT DPM 


YOU'VE BEEN WAITING FOR. 
566" 


Mog ees in Lise Rauaniies 





Shadow- 
ree 
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With all the most-wanted features 
never before available at this price. 


°3%-DIGITS °0.1% ACCURACY No. 3145 
° NEMA CASE -: 2" LED DISPLAY patinds ‘ 
“AC LINE OR 5VDC POWER 3 Projected Front 


PANEL METER 


Mounts without bezel. Unobstructed, transparent case, 
back and dial for best illumination distribution. 

Available with DC moving coil, AC moving vane, AC rectified 
and VU meter movements. 


sO) 


QUALITY INSTRUMENTS 
SINCE 1904 


Second generation LSI components and advanced dis- 
play technology have been combined in the Model 38 to 
bring you a high quality DPM at a new low price. 


GRaALEX 


N DU S T R 
earn OF GENERAL MICROWAVE a 
155 MARINE ST., FARMINGDALE, N.Y. 11735 
Tel. 516-694-3607 © TWX 510-224-6406 


For more information, Circle No. 90 


Send for information today! 
HOYT ELECTRICAL INSTRUMENT WORKS, INC. 
BURTON-ROGERS COMPANY, Sales Division 


556 Trapelo Rd., Belmont, MA 02179 « (617) 489-1520 
Toll Free (800) 225-1375 





For more information, Circle No. 91 
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uP PROTOTYPE BOARD. The Adaptable 
Board Computer (ABC) comes complete 
with a Signetics 2650 P, 1000 bytes of 
ROM containing PIPBUG (a_ loader, 
editor, debug program); 512 bytes of 
RAM, both serial and parallel I/O ports 
and a dual monostable onboard clock. 
By moving jumper wires, options such as 
asynchronous operation, external clock, 
and interrupt vector can be selected. 
$275; Kit, $190. Signetics, 811 E. Arques 
Ave., Sunnyvale, CA 94086. Phone (408) 
739-7700 Circle No. 234 


BS 3 Sar 





MICROCOMPUTER. Based on National 
Semiconductor’s 16-bit PACE wP, the 
PACER allows users to address and enter 
data and commands with a 38-key 
calculator-type keyboard that outputs 
same to two 4-digit alphanumeric 
displays. A single keystroke defines 
characters; and systems functions such 
as examine or modify memory or 
registers, run, single-step, halt, break- 
points, etc., are also under keyboard/ 
executive control. Project Support 
Engineering, 750 N. Mary St., Sunnyvale, 
CA 94086. Phone (408) 739-8550. 

Circle No. 235 


VIDEO TERMINAL. The ADM-1A has a 
numeric pad with period, comma, plus 
and minus signs in concert with a 138 
ASCII alpha-character upper- and 
lower-case keyboard. The 960-character 
display is arranged as 80 characters by 12 
lines (optional 1920 characters in 24 
lines). An assortment of 37 functional 
logic-board switches configures the unit 
for specific operating parameters. $1850. 
Lear Siegler, Inc., 714 N. Brookhurst St., 
Anaheim, CA 92803. Phone (714) 774- 
1010. Circle No. 236 


PROCESSOR SYSTEM, a desk-top unit 
with an Intel 8080 as the central 
intelligence unit, provides as standard 
16k bytes of RAM and 2 floppy-disc 
drives with 2 communication channels. A 
CRT and printer are available options. 
Operation and programming utilize a 
CRT and/or printer on RS232 ports, 
which provide rates from 110 to 9600 
baud. RAM and ROM memory is 
expandable to 64 bytes; up to 4k bytes of 
ROM are available and RAM is expanda- 
ble in 16-byte increments. Intelligent 
Computer Systems, 777 Middlefield Rd., 
Suite 40, Mt. View, CA 94043. Phone 
(415) 961-8941. _ Circle No. 237 


uC LEARNING SYSTEM. Based on the 
8080A, the Mini-Micro Computer 
(MMD-1) makes learning »P’s easier by 
including all necessary hardware, firm- 
ware and easy-to-understand instruc- 
tions (the text is based on the famous 
Bugbook series). Data entry to the nC 
features a 16-switch keyboard organized 
for octal-code programming, and the 
system's 256 8-bit byte words of RAM are 
expandable to 512 words. Internal 
supplies provide +5 and +12V. Weight is 
7 |bs.; size, 10x12x3 in. Assembled, 
$500; kit, $350. E & LInstruments Inc., 61 
First St., Derby, CT 06418. Phone (203) 
735-8774. Circle No. 238 
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CALCULATOR. Model 4900—a 
prompting, programmable desk-top 
calculator—asks questions and informs 
the operator of errors. This 14-digit 
calculator possesses full scientific func- 
tions and has 1792 max. program steps, a 
5x7 dot-matrix (0.1-in.) character format 
and printing rate of 90-200 Ipm. Each 
magnetic card holds 512 bytes. The 
printer uses a red/black ribbon and 
3-7/16-in. X 175-ft. paper roll, and can 
print 4 copies. Weight is 25 Ibs. $2,395. 
Victor Comptometer Corp., 3900 N. 
Rockwell St., Chicago, IL 60618. Phone 
(312) 539-8200. Circle No. 239 


DESKTOP CALCULATOR. The program- 
mable 9830B, a more powerful version of 
the company’s 9830A, comes with 
built-in string variables, matrix operation 
capability and 15,808 bytes of read/write 
memory that (for an additional $3,200) 
can be expanded to 30,144 bytes. 
Concurrently, the 9830A, now reduced 
to $4,900 (down 28%), can be modified 
to the equivalent of the new version. 
Both units feature a built-in tape cassette 
drive and BASIC. 9830B, $8,350. 
Hewlett-Packard Co., 1501 Page Mill Rd., 
Palo Alto, CA 94304. Phone (415) 
493-1501. Circle No. 240 


PERIPHERAL CONTROLLER. Fully plug- 
compatible with Intel’s SBC 80/10 and 
Intellec MDS, the KDP/C can simultane- 
ously handle an ASCII-coded keyboard, 
a Victor Comptometer Corp. printer and 
an onboard 4-function calculator. Con- 
trolled by the wC system’s 8080, the 
board gives users of these development 
systems instant keyboard input, hard 
copy and 4-function math peripheral 
capabilities. $295 (100). Cybernetic Micro 
Systems, 2460 Embarcadero Way, Palo 
Alto, CA 94303. Phone (415) 321-0410. 

Circle No. 241 


TAPE TRANSPORT. The Bulk Data 
Storage unit (BDSU) is an environmen- 
tally sealed tape module capable of 
storing 16.8M bits using industry- 
standard block recording methods (or 
almost double that using high-density 
techniques). The transport has its 4-track 
head sealed inside the removable tape 
module, and features an electro-optical 
tape ‘‘ends-and-center’’ sensor and a 
bidirectional R/W of up to 30 ips. $5000 
(OEM). Electronic Memories & Magnet- 
ics, 20630 Plummer St., Chatsworth, CA 
91311. Phone (213) 998-9090. 

Circle No. 242 


BAUD-RATE IC. A single baud—rate 
generator, COM 5026, provides any of 16 
program or switch-selectable output 
frequencies. This chip offers 16 asyn- 
chronous/synchronous baud rates; di- 
rect UART/USRT compatability; a repro- 
grammable ROM for generating other 
frequencies; TTL and MOS compatabi- 
lity; on-chip input pullup resistors; 
accuracy to 0.01%; and a50% duty cycle. 
Baud rate is externally selectable by a 
4-bit address. The unit can be driven 
from a TIL-logic level input or by an 
external crystal. $11; $6 (100). SMC 
Microsystems Corp., 35 Marcus Blvd., 
Hauppauge, NY 11787. Phone (516) 
231-5151. Circle No. 243 | 
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8080 EMULATOR. Designated the MAS- 
80, this in-circuit ~P emulator connects 
to a user’s system through a cable and 
plug that inserts into the 40-pin socket 
normally containing his 8080. Once 
“on-line” the system allows you to 
monitor and control your 8080 project 
from a full-service front control panel. 
Interesting bonuses include single-step, 
RAM debug and ADDMATCH (wait at 
address) features. $1195. California 
Micro Computer, 9323 Warbler Ave., 
Fountain Valley, CA 92708. Phone (714) 
963-5050. Circle No. 244 











waiting. CTS Industrial Distributors 
supply a perfectly matched crystal at the 
same time you buy the microprocessor, 
because CTS carefully checks the crystal 
requirements with each semiconductor 
manufacturer before writing crystal specs. 


~CTSnow has a full line of standard crystals 
for microprocessors and clock IC’s. CTS 
Knights crystals feature low start-up re- 
sistance, reliable CTS mil-approved manu- 
facturing processes and gold frequency 
calibration for long term stability. Avail- 

,able in 17 standard frequencies, 1.0 to 
22.1184 MHz. Other frequencies available 
on special order. 


CTS Knights crystals are available off the 
shelf at these typical 100-piece prices: 


PRINTER. Model 2424, a medium-speed 
line printer based on belt-mechanism 
technology, features a 132-col. print line 
and a 64-char. ASCII font. Ninety-six- 
char. ASCII and 64-char. EBCDIC fonts 
are optional. Print speed for the 64-char. 
version is 300 Ipm; for the 96-char. 
version, 200 lpm; and for the 48-char. 
version, 400 Ipm. The printer is housed 
in a floor-model cabinet (with optional 
‘‘whisper-quiet’’ configuration availa- 
ble). Data 100 Corp., 6110 Blue Circle 
Dr., Minnetonka, MN 55343. Phone (612) 
941-6500. Circle No. 245 





from $5.50 each (1.0 MHz) to $2.75 each 


| 

i 

| (18.432 MHz). 
i 


See your nearest CTS distributor for full 
information, or write CTS Knights, Inc., 
400 Reimann Ave., Sandwich, IL 60548, 
phone: (815) 786-8411. 


CTS Knights. 
The frequency specialists. 


CTS CORPORATION 


Elkhart, Indiana 





For more information, Circle No. 92 


134 











TERMINAL. Model UT-2, a programma- 
ble, remote batch terminal, includes a 
12k-byte communications processor, 
card reader, synchronous adapter, 
cabinet, choice from 3 consoles and 3 
line printers—plus software for operat- 
ing the terminal in communication with 
customer-specified host computers. The 
UT-2 operates to 4800 bps with 
RS-232C-compatible modems. The 
desk-mounted card reader operates at 
285 cpm. $700/mo. Unitech, Inc., 1005 E. 
St. Elmo Rd., Austin, TX 78745. Phone 
(512) 444-0541. Circle No. 246 


MICROPROGRAM CONTROLLER. The 
57110 (MIL-$55)/67110 (COM-$25) con- 
sists of a »Program sequencer capable of 
addressing 512-word pages of memory 
and has subroutine capability as well as a 
loop counter used for repeating loops of 
microcode. Suitable for use with 
conventional bit-slice P’s such as MM’s 
6701, AMD’s 2901, the Intel 3002 and TI’s 
748181 ALU arithmetic device, the 
controller comes in a 40-pin DIP and 
runs on 5V. Monolithic Memories, Inc., 
1165 E. Arques Ave., Sunnyvale, CA 
94086. Phone (408) 739-3535. 

Circle No. 247 





DATA TERMINAL. The Typing Power 
55™ terminal is a letter-quality work 
station for use with any host computer. 
Featuring a universal interface and 
utilizing USASCII, BCD, and EDBIC code 
sets, the terminal uses standard paper or 
forms of any size up to 15 in. wide, prints 
132 columns at 10 characters/in. and 158 
columns at 12 characters/in. $9000. 
Qualterm Terminals, 2007 O'Toole Ave., 
San Jose, CA 95131. Phone (408) 
263-7800. Circle No. 248 
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GRAPHICS DISPLAY. Series GCT-3000, a 
fully programmable system, combines 
high-speed display data processing and 
fast-access MOS RAM refresh memories 
with the ability to perform automatic 
block transfers using DMA. The heart of 
the system, the GCT-3011 Programmable 
Graphic Processor, provides 47 mne- 
monic instructions specifically graphics- 
manipulation oriented. Genisco Com- 
puters, 17805-D Sky Park Circle Dr., 
Irvine, CA 92714. Phone (714) 556-4916. 
Circle No. 249 


REMOTE TERMINAL. The DATACORDER 
packs a self-contained intelligent termi- 
nal utilizing a wP with 8k of RAM storage 





(expandable to 12k) into a unit the size of 
an electric typewriter. Data enters 
through a full alphanumeric keyboard 
with calculator pad, while prompting 
messages and keyed input are displayed 
on a 32-character electronic readout. 
The unit is programmed via tape 
cassette. $3970 to $5875. IESI, 408 N.E. 
72nd St., Seattle, WA 98115. Phone (206) 
525-6800. Circle No. 250 


DATA SET. The McModem is a private- 
line data set that operates on local 
distribution lines at speeds from 1200 to 
19,200 bps. The modulation scheme 
used meets Bell Technical Pub. 43401 at 
all speeds. Operatable on either a 2- or 
4-wire facility, the data set is available 
with RS-232, CCITT V. 24, MIL 188C, or 
20-mA loop interface. $995. Data Control 
Systems, Box 584, Danbury, CT 06810. 
Phone (203) 743-9241. Circle No. 251 


CARTRIDGE TRANSPORT. Designed for 
the 3M Co.’s DC100A Data Cartridge, the 
MICRO-DRIVE Model 101 offers R/W 
speed of 25 ips, rewind/search of 75 ips, 
and recording density of 1600 char- 


acters/in. The drive requires only a single 
15V dc supply, draws 700 mA (avg.) and 
transfers data at 20k bits/sec. The 
cartridge stores up to 1,340,000 bits. $470 
(100). Instrumentation Technology 
Corp., 18333 Eddy St., Northridge, CA 
91325. Phone (213) 886-2034. 

Circle No. 252 





DAS CONTROLLER. Containing both 
analog and digital I/O, the wP-based 
Data Acquisition Controller inputs infor- 
mation for local control, or for storage 


and serial transmission to remote 
locations. Digital inputs can be used for 
set points, control, clocks, terminals, 
and alarms while A-D I/O can control 
sequencing, timing and sensing, and 
output to recorders, meters and servos. 
$2500. 60-90 days ARO. Tychon, Inc., Box 
242, Blacksburg, VA 24060. Phone (703) 
951-9030. Circle No. 253 





Consumer Tested Remedy for Sick Car Performance 


Sparks New Life in Pre-1975 Cars. 


_ Owners of pre-1975 cars get better 
performance with less maintenance 
when they install one of the Mark Ten 
C.D. Electronic Ignition Systems. In 
fact, thousands of users testify the 
Mark Ten has noticeably improved their 
automobile’s performance. As a 
California doctor stated after using the 
Mark Ten for 95,000 miles. “...1 can 
‘feel’ the difference in performance 
between my conventional 
ignition and the 
Mark Ten...” 













Mark Ten Systems* spark each 
plug with 50,000 to 60,000 volts in 
secondary output compared to a mere 
25,000 volts in standard and most 
pointless systems. This means dramatic 
increases in acceleration and general 
engine performance, and substantial 
increases in gasoline mileage. Points 
will last the lifetime of the rubbing 
block. Spark plug life is extended three 
to ten times due to the hot spark 
generated by the Mark Tens, which 


eliminates fouling and cleans dirty plugs. 


And the Mark Ten Systems virtually 
eliminate at least 2 out of 3 tuneups! 
Look at what Delta Customer P.S. from 
New York wrote, “...1 might add that 

| had another unit of yours that has 
been on three cars so far. Each of the 
cars was driven about 50,000 miles 
before it was 
turned in. Not one 
of the cars ever 
had a new set of 
points, new 
plugs ora 

f tune-up. 


For more information, Circle No. 93 


a DELTA PRODUCTS, INC. | 


Name 


Address 


Now its on the fourth car with 20,000 
miles on it and going strong.” 
The result? BIG SAVINGS! 

Send today for your copy of the 
new Delta brochure and learn how a 
Mark Ten System can spark your car 
into new life. 


*Only Delta Products offers a full line 
of C.D. ignitions: The Mark Ten and 
Mark Ten B, available assembled or in 
kit form; and the Mark Ten C, | 
assembled only. 


P.O. Box 1147 
Grand Junction, Colo. 81501 
(303) 242-9000 Dept. EDN 


| want to know more about Mark Ten CDIl’s. 
Send me complete no-nonsense information on 
how they can improve the performance of my car. 
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FLOPPY-DISC TERMINAL. The RDS/ 
FSDR is a 2-way batch terminal with 
complete editing and data-search capa- 
bility, 311k bits of flexible disc storage 
and full RS-232 compatibility. The unit 
can access over 2400 addressable lines of 
128 characters within 0.3 sec, or can 
accept I/O from any asynchronous CRT 
or keyboard/printer terminal. $1995 and 
up. Delivery, 60 days ARO. Randal Data 
Systems Inc., 365 Maple Ave., Torrance, 
CA 90503. Phone (213) 320-8550. 

Circle No. 254 


DOT-MATRIX PRINTERS. Capable of 
printing 165 and 330 USASCII 
characters/sec, the single-head 5701 
($1900) and double-head 5703 ($2400) 
respectively output 75 and 50 Ipm at 132 


Low cost, high 
performance 
3A SPDT relay 


really saves 
PC board space‘ 


Mounts on .69" centers... 





characters/line. The units output <65 dB 
of noise, and feature human-engineered 
design. Four 2x132-bit shift registers 
make up the printer’s buffer memory. 
Juki Machinery Corp. of America, 3186-G 
Airway Ave., Costa Mesa, CA 92626. 
Phone (714) 540-4533. Circle No. 255 


CACHE BUFFER. Cache/45™, said to be 
the first 2048-byte cache buffer available 
for use with the PDP 11/45, is contained 
on a single board and has twice the 
capacity of present buffers. Depending 
upon software used, this unit can 
increase processing speeds by 100%. 
$7,000 in unit qty., with delivery 30 days 
ARO. Able Computer Technology, 
1538-E E. Chestnut St., Santa Ana, CA 
92705. Phone (714) 547-6236. 

Circle No. 256 


I/O BUS CONVERTER. The RTP7410/65 (a 
single-board unit) allows the company’s 
complete RTP family of measurement/ 
control equipment to operate under 
computer control. Up to 8 RTP 
controllers can be connected to one 
7410/65: in daisy-chain fashion. $300; 


built for reliability DY 


SDS 





satisfies thousands of application needs e 


Where size and space are important, the Series 27 relay can 
be just the low cost answer you've been looking for. It pro- 
vides 3 amps of switching in a 0.526" cube and mounts on 
.69" centers, assuring high density PC board mounting. The 
cost is $1.05 each in 1,000 piece lots for 3, 6 and 12V dc units 


... Slightly higher for 24V dc. 


Youll find the Series 27 relay suitable for hundreds of 
control applications. For instance: timing controls; gas pilot 
light controls; anti-theft devices for CB radios; automotive 
controls; emergency lighting equipment; and medical equip- 


ment, to name a Tew. 


The relay has a 450 mW pick-up sensitivity (1880 mW avail- 
able). Contact rating is 3A res @ 28V dc. 120V ac. Contact 


resistance is 0.10 ohm. 


Write for information today! 


NORTH AMERICAN PHILIPS CONTROLS CORP 


Frederick, Md. 21701 + (301) 663-5141 





For more information, Circle No. 94 | 
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MODULAR 
SWITCHING POWER SUPPLIES 





delivery, 45 days. Computer Products, 
Inc., 1400 N.W. 70th St., Box 23849, Ft. 
FL 33307. Phone (305) 


974-5500. Circle No. 257 





FLOPPY-DISC SYSTEM. The RFS 7500 
system incorporates from 1 to 4 flexible 
disc drives, formatter electronics and 
power supply into a single 19-in. 
rack-mountable chassis. wP-based, the 
formatter performs many functions 


within the system that normally require 


computer time in other makes. The user 
can select IBM format, or can program a 
1- through 32-sector format using a 
pc-mounted DIP switch. <$2400 in OEM 
qty. (dual drive). Delivery, 90 days ARO. 
Remex, 1733 Alton St., Santa Ana, CA 
92705. Phone (714) 557-6860. 

Circle No. 258 
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DESIGNERS 
Get this FREE 
. Design File 


| on CDC’s new 


———! modular switching 


power supplies 


These compact, modular power 
supply switchers simplify design 
in 300-600 watt applications and 
keep costs down too. (They’re 
priced at less than 90¢ per watt!) 
Benefits to the end user include 
low EMI noise levels (we are de- 
signed to meet VDE STD 0875) 
and highly reliable opera- 
tion plus convenient main- 
tenance and easy add-on 
Capability up to 1200 watts 
in a single, 19 in. rack. Get 
specs, prices and feature 
details today from: 


Magnetic Components Group 


CONTROL DATA 
CORPORATION 


7801 Computer Avenue South, Minneapolis, MN 55435 
(612) 830-5800 TWX 910 576 2978 


For more information, Circle No. 95 


EDN SEPTEMBER 20, 1976 





DATA SET. The GDC 9601 solid-state LSI 
data set features 9600-, 7200- and 
4800-bps operation; RS232C and CCITT- 
V24 interfaces; and operation over basic 
3002 lines. Its advantages include: 
constant monitoring provided by data 
lamp; marginal circuit and line signal 
detection indicators; both local and 
remote testing; and voice capability for 
communication with remote operator. 
$7,250; delivery, 30 days. General 
DataComm Industries, Inc., 131 Danbury 
Rd., Wilton, CT 06897. Phone (203) 
762-0711. Circle No. 259 





MILITARIZED PRINTER. The Model 
T-1148 combines a fully militarized 
pin-matrix impact ASR teleprinter, wP 
electronics and an internal 16,000- 
character memory into 1 compact, 
modularly constructed unit. Providing 
full message composition and editing 
capability, the printer offers ASCII, 
BAUDOT or other code sets and prints at 
120 characters/min. A built-in test 
feature allows mean-time repairs of 15 
min. Electronic Communications, Inc., 
Box 12248, St. Petersburg, FL 33733. 
Phone (813) 381-2000. Circle No. 260 


Pet ORDO 
Bzpando® 
faasiot 
Ri emery 


MEMORY UNIT. The TEAM 8000 stores 
8000 characters from either a terminal 
keyboard or data received from a remote 









source, replacing paper or mag tape for 
data transmission. This unit has an EIA 
RS232C I/O connection for interface to 
any CRT, printer or other peripheral 
device. Memory is fully editable. $1495. 
Tele-Terminals, Inc., 6325 Welcome Ave. 
North, Brooklyn Park, MN 55429. Phone 
(612) 535-5330. Circle No. 261 





DYNAMIC MEMORIES. The Master- 
mind™ Series add-in dynamic memory 
modules are designed specifically for 
complete compatability with the LSI-11. 
Mastermind 2000-8 and 2000-16 offer 
8192 and 16,384 words of 16 bits each, 
respectively. Both are directly pluggable 
memories, rated at 500-nsec access time 
and 800-nsec cycle time. Power required 
is 12V at 0.5A and 5V at 2A. Model 2000-8 
(8k), $875; 2000-16 (16k), $1450. Delivery, 
4 wks. ARO. Memory Systems, Inc., 3341 
W. El Segundo Blvd., Hawthorne, CA 
90250. Phone (213) 772-4220. 

Circle No. 262 


PAPER-TAPE TRANSMITTER. Model 1200 
is a self-contained, punched-tape 
reader/transmitter with integral power 
supply and dual-output (modem & 
terminal) RS232C serial interface. This 
unit links directly to intelligent termi- 
nals, CRT displays, printers and data 
terminals. Parameters include switch- 
selectable transmission rates of 110, 150, 
300, 600 and 1200 baud, parity selection 
and half or full duplex. $895. BAI Data 
Products Div., Box 681, Cherry Hill, NJ 
08003. Phone (609) 663-1191. 

Circle No. 263 


GRAPHICS JOYSTICKS. Both the JOY-A 
and JOY-B allow the operator to quickly 
and accurately position a cursor on a 
CRT. JOY-B incorporates a_user- 
controlled switch at the end of the stick 
to provide status information; the user 
simply presses this switch when the 
cursor is positioned at the desired 
location. These units provide minicom- 
puter interrupts at a 100-Hz rate and 
interface with NOVA, ECLIPSE or PDP-11 
computers. Megatek Corp., 1055 Shafter 
St., San Diego, CA 92106. Phone (714) 
224-2721. Circle No. 264 
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One year warranty. 
From stock. 
U.L. recognition. 
Barrier block interface. 
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250 
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PRICE 


fee ee ee 
$21.50 
Dela inc 


Wissahickon Avenue 





North Wales, PA 19454 


Tel: 215/699-9261 Twx: 510/661-8061 


AC-10 


For more information, Circle No. 96 
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uP INTERFACE. Peripheral Interface 
Adapter MK 6820 interfaces peripheral 
equipment with the 6800 and is an 
improved-performance, pin-for-pin re- 
placement for the AMI 6820. The circuit 
is also a generalized I/O for any pP bus. 
The 40-pin DIP comes in either a 300-mW 
max./250-mW typ. or 400-mW max./300- 
mW typ. version and provides 2-MHz/1- 
MHz bus operation, is completely static 
and requires a single 5V supply. 6820N-1, 
$5.50 (100). Mostek Corp., 1215 W. 
Crosby Rd., Carrollton, TX 75006. Phone 
(214) 242-0444. Circle No. 265 





SAMPLE AND HOLD. Model SH 703 
meets speed and accuracy requirements 
of most 12-bit data- acquisition systems. 
Specs include: acquisition time, 4 usec; 
settling time, 4 wsec; droop rate, 50 
mV/sec max.; aperture time, 50 nsec; 
and aperture uncertainty, 5 nsec. Signal 
range is +10V. The units (housed in 
14-pin DIP’s) can be either inverting or 
noninverting; screening is either per 
MIL-STD 883, level B or commercial. $22. 
Hybrid Systems Corp., Crosby Dr., 
Bedford, MA 01730. Phone (617) 275- 
1570. Circle No. 266 


PL LOGIC. This semi-custom LSI logic 
permits 4-wk delivery of first prototypes 
for as low as $1800. Said to be a major 
price breakthrough, SWAP is based on a 
master chip, with two nonintercon- 
nected versions available: a 16-pin chip 
with 208 gates and 14 interfaces; and a 
24-pin unit with 408 gates and 22 
interfaces. To implement a circuit, a 
SWAP Custom Design Kit ($25) is needed. 
The kit includes a manual, work sheets 
and 15 sample devices. Stewart-Warner 
Microcircuits, 730 E. Evelyn Ave., 
Sunnyvale, CA 94086. Phone (408) 
245-9200. Circle No. 267 
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TACHOMETER speed switch, Series IM 
2907/2917, consists of a F/V converter 
with a high-gain op amp/comparator— 
which operates a load whenever the 
input frequency reaches a selectable 
rate. The output swings to ground for 
zero-frequency input. Comparator out- 
put is floating transistor, allowing either 
a supply or ground-referenced load of 
up to 50 mA. Collector voltage may be 
above supply voltage to a Vcg of 28V. 
$1.65 (100). National Semiconductor 
Corp., 2900 Semiconductor Dr., Santa 
Clara, CA 95051. Phone (408) 732-5000. 
Circle No. 268 


RAM’S. Organized 256x4, 3 RAM’s are 
suited for 4-, 6- or 16-bit wP’s. Each type 
comes in 3 speed ranges: 1000-, 650- and 
450-nsec max. access and R/W cycle 
times. All memories operate from a 
single +5V supply and are fully TTL 
compatible; typ. dissipation equals 175 
mW. These devices have fully decoded 
direct addressing and are housed in 
plastic or ceramic DIP’s. The TMS 
4039/2101 comes with 22 pins; 4042/2111, 
with 18 pins; 4043/2112. with 16 pins. 
Plastic DIP prices: 1000-nsec access time, 
$3; 650 nsec, $3.25; 450 nsec, $3.80 (100). 
Texas Instruments, Inc., P.O. Box 5012, 
Dallas, TX 75222. Phone (214) 238-2011. 
Circle No. 269 





OCI’S. Series 3N243/244/245 optically 
coupled isolators are designed for 
pulse-transformer and mechanical-relay 
replacement. Guaranteed min. current 
transfer ratios are 15% for the 3N243, 
30% for the 3N244, and 60% for the 
3N245. All devices feature 1-kV isolation 
and will withstand HTRB at 125°C and a 
Veg of 20V. The optoisolators come in a 
hermetically-sealed TO-18 package. 
3N243, $3.35; 3N244, $4.31; 3N245, $5.83 
(1000). Optron, Inc., 1201 Tappan Circle, 
Carrollton, TX 75006. Phone (214) 
242-6571. Circle No. 270 





MULTIPLEXERS. The MM54C150/MM 
74C150 and MM72C19/MM82C19 multi- 
plex 16 digital lines to 1 output. Data is 
inverted from input to output. Both the 
MM74C150 and Tri-State® MM82C19 
feature clamp diodes on all inputs, 
guaranteed noise margin of 1.0V, noise 
immunity of 0.45Vcc (typ.), and supply 
range of 3-15V. Both devices are 
available in either a 24-pin DIP or 24-lead 
package. MM74C150 (Epoxy B), $3.80 
(100). National Semiconductor Corp., 
2900 Semiconductor Dr., Santa Clara, CA 
95051. Phone (408) 732-5000. 

Circle No. 271 


LED’S. The 3-lead 232RG contains both 
red and green LED dies in the same 
capsule. If desired, both dies can be 
energized simultaneously, providing a 
trichromatic capability with red and 
green combining to emit yellow. Typ. 
luminous intensity at 10-mA (red) and 
20-mA (green) forward current is 1.5 
mcd. Applications include built-in diag- 
nostics/fault locators, visual indicators 
and large display components. 97¢ 
(1000). Industrial Electronic Engineers, 
Inc., 7740 Lemona Ave., Van Nuys, CA 
91405. Phone (213) 787-0311. 

Circle No. 272 


PHOTODIODES. Silicon avalanche 
photodiodes C30817/84/95, supplied in 
low-profile TO-5 packages, have a useful 
photosensitive area of 0.5 mm’. The — 
C30872, with 7 mm? area, comes in a 
low-profile TO-8 package. The 400-1100 
mm C30817/72 are general-purpose and 
have typ. rise and fall times of 2 nsec. 
C30884, also 400-1100 mm, has modula- 
tion capability to 400 MHz and typ. rise 
and fall times of 1 nsec. C30817, $159; 
C30872, $475. Delivery, 60 days ARO. 
RCA/Solid State Division, Route 202, 
Somerville, NJ 08876. Phone (201) 
685-6423. Circle No. 273 


FREQUENCY PRESCALERS. Five UHF- 
programmable dividers, designed as 
prescalers for frequency synthesizers, 
feature toggle frequencies to 500 MHz 
and provide increased loop response 
and better channel spacing. All units can 
be logically programmed to divide by 
either of 2 ratios. They are available with 
either ac- or dc-coupled inputs and all 
|/O’s are ECL compatible. Specs for the 
ac-coupled SP8740 include ratios of +5/6 
and toggle rates of 0 to 300 MHz. $11.50 
(100). Plessey Semiconductors, 1674 
McGaw Ave., Irvine, CA 92714. Phone 
(714) 540-9945. Circle No. 274 
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BIAS CIRCUIT. The Z0-28 is said to offer 
a unique combination of low-impedance 
bias source and high current capability. 
The unit is designed for linear amplifiers 
that offer extremely high output power, 
while utilizing relatively low-8 RF power 
transistors. Operation is from any 
voltage to 28V. Housed in an RF 
power-transistor package, the circuit can 
be mounted to the same heat sink as the 
RF transistor, permitting good thermal 
tracking. $14.40 (100). Communications 
Transistor Corp., 301 Industrial Way, San 
Carlos, CA 94070. Phone (415) 592-9390. 

Circle No. 275 


For precision electroforming 
of waveguides and optics, 
depend on Gar. 





When specifications call for ex-— 
tremely tight tolerances on parts as 
exotic and complex as millimeter 
waveguides, double ridge wave- 
guides, couplers, antenna horns and 
optics, you can count on Gar to attain 
that precision within + 0.0001 in. 

Gar’s electroforming capabilities 
make it possible to precisely manufac- 


Electroformed Waveguide Coupler 








TRANSISTOR. Said to be the highest 
power 28V single-sideband RF power 
transistor available, the S175-28 offers 
output power of 175W, good linearity 
and a high safe-operating area. It is 
well-suited for use as an output stage in 
a high-power linear amplifier. Guaran- 
teed specs include intermodulation 
distortion of —32 dB at full power, and 
min. gain of 14 dB. The device is 100% 
tested for infinite VSWR at all phase 
angles at full CW output power. $55 
(100-499). Communications Transistor 
Corp., 301 Industrial Way, San Carlos, 
CA 94070. Phone (415) 592-9390. 

Circle No. 276 


DIODES. Typ. Q values of the DKV- 


6520/30 series of hyperabrupt tuning | 


diodes have increased to twice the 
previous values. Guaranteed min. Q’s 
have also increased 150-190%. Series 
DKV-6520 (HF/VHF) offers Cy, capaci- 
tances of 20-200 pF, with typ. Q’s of 
420-125. Series DKV 6530 (UHF) offers Cy; 
capacitances of 11.5-28 pF, with typ. Q’s 
of 700-400. Tuning ratios equal 5:1 from 4 
to 20V. Alpha Industries, Inc., 20 Sylvan 
Rd., Woburn, MA 01801. Phone (617) 
935-1236. Circle No. 277 





Electroformed Reflector 


ture complex, hard-to-fabricate parts. 
And to do it with greater fidelity and 
economy than by any other metal form- 
ing method. And Gar’s experience 
proves It. 

As the nation’s oldest electroformer, 
Gar has the financial and managerial 
stability you'd expect from the leader in 
its field. Write for additional information. 


fi GAR 


Gar Electroforming, Division of Mite Corporation 
Danbury, Conn. 06810. Tel. (203) 744-4300. 


For more information, Circle No. 109 
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GUSTS 
























, .. with 
fabricated 
_ miniature metal tubing 






The use of precise miniature 
tubular parts is on the increase 
throughout the electronics indus- 
try. Examples shown here illustrate 
a multitude of fabrication opera- 
tions using a variety of special 
alloys. These custom-made parts 
and connectors were produced 
economically on special equip- 
ment designed and built by Uni- 
form Tubes. 


CHECK THESE ADVANTAGES 


@ Automatic, high volume production 
for lower unit cost. 

@ Virtually unlimited fabrication pos- 
sibilities. 

@ Precision production within toler- 
ances as tight as +0.0005”. 


@ Significant savings in material, and 
component size and weight. 


@ Choice of over 100 alloys in diame- 
ters from 0.003” to 0.750”. 


e Superior finishes free of imperfec- 
tions and burrs. 


e Improved product performance. 
Like others in the electronics in- 
dustry, it will pay you to talk over 
your component problems with 
Uniform Tubes, Inc., leader in 
small diameter tubular parts design 
and production. Send a print for 
discussion or quotation. 


UNIFORM 
TUBES, INC. 


...a UTI company 
COLLEGEVILLE, PA. 19426, U.S.A. 
PHONE: 215/539-0700 


TWX: 510-660-6107 
TELEX: 84-6428 
































For more information, Circle No. 97 
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RECTIFIERS. A line of high-speed 
switching 2 and 3A silicon rectifiers 
combines miniature size with high surge 
capability, low thermal resistance and 
rugged mechanical design. Metallurgi- 
cally bonded and voidless-packaged, 
they feature a hermetic seal, hard-glass 
case and opaque-painted body insensi- 
tive to ambient light. All are designed for 
high reliability, and meet or exceed the 
requirements of MIL-S-19500. $5.45 
(100). Microsemiconductor Corp., 2830 
S. Fairview St., Santa Ana, CA 92704. 
Phone (714) 979-8220. 

Circle No. 278 


AMPLIFIER. The TDA 1037—a _ voice- 
frequency power amplifier with 5W 
output power at 14V and 40 load 
resistance—is designed for the enter- 
tainment field. Operating voltage starts 
at 4V, and input sensitivity reaches 150 
mV at full load. Thermal resistance is 12° 
K/W. Internal sensor transistors and an 
external cooling tab help dissipate heat. 
The unit, housed in a 9-pin SIL package, 
is protected against thermal overloading. 


Siemens Corp., 186 Wood Ave., South. 


Isalin, NJ 08830. Phone (201) 494-1000. 
Circle No. 279 


ZENERS. The LM129 and LM329 family 
are precision, multicurrent tempera- 
ture-compensated 6.9V zener references 
with dynamic impedances a factor of 10 
to 100 less than discrete diodes. Active 
circuitry buffers the internal zener of the 
LM129, allowing operation over a 0.5 to 
15-mA range with little change in 
performance. The LM129 is housed in a 
TO-46; the LM329, in either a hermetic 
TO-46 or a TO-92. LM129AH (0.001% /°C, 
—55 to 125°C), $15 (100). National 
Semiconductor Corp., 2900 Semicon- 
ductor Dr., Santa Clara, CA 95051. Phone 
(408) 732-5000. 

Circle No. 280 








DARLINGTONS. A line of 4 power 
Darlingtons (U2TA/B/DG) in TO-202 
plastic packages is said to include the 
only available 5A, 300V _ fast-switching 
unit. The other devices have I,’s of 3, 5 
and 10A and BVe¢go of 60-100V dc. All 
have integral bias resistance and 
protective diode, and feature both high 
current gain and saturation voltages as 
low as 1.5V max. The 3A, 100V device ina 
TO-92 is claimed a first for pulse-power 
applications where high-power packages 
are not needed. 40¢ - $1 (1000). Unitrode 
Corp., 580 Pleasant St., Watertown, MA 
02172. Phone (617) 926-0404. 

Circle No. 281 
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: New Press Top Coolers * 
! are today’s 4 
» best buy 

i fora 

; nickel. 





Here’s how to really cut cooling costs for TO-5 
packages. Wakefield’s new 298 Press Top Coolers 
cost only 5¢ each in 5,000 quantity. This is less 
than 2 the price of comparable IERC Fan Tops 
or Thermalloy devices... and at no sacrifice in 
performance. With ATc-a less than 70°C/W. 

The unique wave design of the cooler is re- 
sponsible for the high cooling efficiency while 
new automatic tooling allows the low price. 


Try one free: 

298 Coolers need no board space. See for your- 
self how they can solve heat problems and im- 
prove transistor performance. Send for a free 
sample. 


THIN-TRIM CAPACITORS 
FOR HYBRIDS AND MIC’S 


Series 9401 Thin-Trims are sub-miniature variable 
capacitors for applications where size and perform- 
ance are critical. Featured are high Q’s for low Cir- 
cuit losses, high capacity values for broadband 
applications and low profile for “gap trimming” in 
tiny MIC’s. Body size.140"x 110"x.030'"T. Available 
in 4capacitance ranges from 0.2-.6pf to 5.0-25.0 pf. 


Lohansonm> 


Cut out and mail for a free sample. 


WAKEFIELD ENGINEERING INC. 


77 AUDUBON ROAD, WAKEFIELD, MA 01880 (617) 245-5900, 
TWX 710-348-6713 AN gy eGsG COMPANY 


MANUFACTURING CORPORATION 
Rockaway Valley Road 
Boonton, N.J. 07005 
(201) 334-2676 TWX 710-987-8367 


For more information, Circle No. 99 
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CLOCK. Performing the functions of 
4.19-MHz oscillator, frequency divider 
and output driver for synchronous 
motors, the 1CM7038 is a CMOS clock 
circuit that operates from 1.5V. The 8-pin 
DIP is designed for quartz-clock and 
timer applications using oscillator fre- 
quencies between 2 and 10 MHz. 
Current drive is 1 mA (min.); power 
dissipation, 105 wW (at 1.5V). DIP, $3.15; 
dice, $2.52 (100). Intersil, Inc., 10900 N. 
Tantau Ave., Cupertino, CA 95014. 
Circle No. 282 
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Use it forits connections, 
or use it for its pull. 


A P Super-Grip™ Te Test Clips grip dips 
without slips or shorting between the pins. Our 
patented “contact comb” prevents short- 
ing while our superior gold-plated ) 
phosphor bronze terminals 
make contact. And our top- 
side pins make the perfect 
hanger for probes to simplify 
“hands-free” in-circuit testing. 

And this gutsy little clip has the 
right kind of pull for unequalled ease in 
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TRANSISTORS. A series of npn power 
transistors carries ratings to 50W and 
900V. The IR701 and IR710 are well-suited 
for use in linear regulators, power 
amplifiers and vertical-output circuits. 
[R701 offers a continuous collector 
current rating of 1A and collector-base 
voltage of 800V; IR710 is rated for 3A and 
900V. IR701, $2.69; IR710, $2.39 (100). 
International Rectifier, Semiconductor 
Div., 233 Kansas St., El Segundo, CA 
90245. Phone (213) 678-6281. 

Circle No. 283 *S 


pulling ICs, too. Some of its best friends are dips. 


4-9/16x5-9/16 
4-9/16x5-9/16 
4-9/16x7 
4-9/16x7 
6-1/2x7-1/8 
8x9-1/4 
10-1/4x9-1/4 


923333 200-K (kit) 8 (16's) 
923332 208 (assem.) 8 (16's) 
923334 201-K (kit) 12 (14's) 


REGISTER. The 8-bit Am25LS22—a seri- 923331 212 (assem.) 12 (14's) 
al/parallel register available ina molded || 923326 218 (assem.) el ie 
‘ : . 923325 227 (assem.) 27 (14's) 
or hermetic DIP—comes with a sign- 923324 236 (assem.) 36 (14's) 
extend function for use with the Ohio and California Residents Add Sales Tax 
Am25LS14 multiplier. The 25LS22 com- All orders subject to acceptance at factory. 


pletes a 3-part circuit set, including the 


For quick phone service, call 
the A P distributor nearest you: 


25LS15 (a quad, serial adder/subtractor), 
designed for filtering and signal-process- 
ing applicatons up to 30 MHz. Molded 
DIP, $4.60 (100). Advanced Micro Devices 
Inc., 901 Thompson PI., Sunnyvale, CA 
94086. Phone (408) 732-2400. 

Circle No. 284 


Write us for the full line A P Products catalog. 


AP PRODUCTS INCORPORATED 
Box 110-EN Painesville, OH 44077 (216) 354-2101 


TWX: 810-425-2250 


(201) 224-8032 
(206) 682-5025 
(213) 768-3800 
(213) 875-2862 
(214) 350-6771 
(215) 698-4000 
(216) 587-3600 
(312) 298-8580 


(313) 525-1800 
(314) 863-7800 
(412) 782-2300 
(415) 326-5432 
(415) 969-9240 
(513) 236-9900 
(516) 483-9200 
(516) 883-0999 


(612) 488-0201 
(617) 237-6340 
(617) 273-1860 
(617) 879-0860 
(713) 777-1666 
(714) 549-8611 
(803) 779-5332 
(914) 664-0088 


(If no distributors in your area, call factory) 


For more information, Circle No. 101 
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MODULES/SUBASSEMBLIES 





Lonnestians for bridge transducers 


BRIDGE TRANSDUCER DIGITIZER also 
transmits remote-location output data 
over the single-wire pair that provides 
power and reference voltage. Available 
in 8 different input ranges from 10 mV to 
10V F.S., the AIM-1002 responds with a 
pulse frequency output (100 kHz F.S.) to 
an accuracy of +0.02%. Specs include 
gain TC of +20 ppm/°C max. and offset 
TC of +10 pV/°C max. $145. Automated 
Industrial Measurements Inc., Box 125, 
Wayland, MA 01778. Phone (617) 
653-8602. Circle No. 166 


VIDEO/ANALOG CONVERTER. Model 
6280 can easily convert a single-input 
composite video signal into 3 separate 
analog outputs of video alone (0-10V), 
vertical ramp and horizontal ramp (both 


+10V). Featuring a bandwidth of 1 Hz to’ 


5 MHz, this module allows standard 
composite video to be monitored on 
conventional XY analog displays and can 
also implement a video/microprocessor 
interface. $265. Optical Electronics, Inc., 
Box 11140, Tucson, AZ 85734. Phone 
(602) 624-8358. Circle No. 167 





D/A. Featuring a guaranteed settling time 
of 85 nsec, Models 4060 (8 bits, $119) and 
4061 (10 bits, $139) are internally trimmed 
for an offset of <+1/4 LSB over the 0 to 
70°C operating range. Each has an 
internal precision reference for 
adjustment-free operation. Inputs are 
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TIL/DTL compatible, and both units 
offer unipolar and bipolar outputs of 
0-10 mA and +5 mA. Teledyne Philbrick, 
Allied Dr. at Rt. 128, Dedham, MA 02026. 
Phone (617) 329-1600. Circle No. 168 





DC/DC CONVERTER. Covering an out- 
put range of 500V (5 mA) to 2000V dc (1.5 
mA) from 12, 24 or 28V dc input voltages, 
the 24 models of the HR series allow 20% 
external voltage trim on pc pins. Fully 
encapsulated, these nonisolated units 
offer line regulation of 0.1% as well as 
0.3% regulation from zero to full load, 
and insure output voltage ripple of less 
than 0.2% p-p. $164. Wall Industries, 
Inc., 175 Middlesex Tpk., Bedford, MA 
01730. Phone (617) 275-0708. 

Circle No. 169 
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“COUNTER. Combining small size with 


an attractive front panel, Model 124 
operates up to speeds of 300 kHz, yet 
boasts immunity to random noise and 
vibration. When the 4-digit counter 
reaches a number predetermined by 
thumbwheel switches, a 5A spdt relay 


changes state. The dot-matrix LED 


display, unlike 7-segment LED displays, 
provides accurate readout even when 
one LED fails. $300. Kessler-Ellis Prod- 
ucts Co., Atlantic Highlands, NJ 07716. 
Phone (201) 291-0500. Circle No. 170 








PWM CURRENT AMP. Suitable for PWM 
motor-speed control, Model A6431-4A 
features bandwidth of 1 kHz and a form 
factor of 1.002. This unit utilizes reactive 
current flow to offer min. power 
consumption, and is fully protected from 
grounding and output shorts. Operating 
from a +40V dc supply and a signal-input 
voltage of 10V max., the device achieves 
a continuous rating of 0.2 hp. $135 (qty.). 
Westamp, Inc., 1542-15th St., Santa 


Monica, CA 90404. Phone (213) 393-0401. 
Circle No. 171 





PROGRAMMABLE ATTENUATORS. Suit- 
able for remote operation, Models 2000 
(75Q) and 2100 (50Q) accurately control 
attenuation over the frequency range of 
2-500 MHz with 6-dB max. insertion loss. 
Voltage-controlled and continuously 
variable from 0 to >76 dB, these 
solid-state modules may act as RF 
switches or AM modulators (to 30 kHz). 
Control voltage may vary from 0-10V 
(Model 2000) or 0-12V (Model 2100), 
dc-30 kHz. $250. Kay Elemetrics Corp., 12 
Maple Ave., Pine Brook, NJ 07058. Phone 
(201) 227-2000. Circle No. 172 


D/A. Ready to use without 
adjustments—or adding an external 
reference, output amplifier or trim 
pots—these 8-bit hybrids are packaged 
in hermetic 18-pin DIP’s.  Full-scale 
output settling time to +1/2 LSB is 23 


usec (MN3013) and 1.5 psec (MN3014), 


and +1/2-LSB linearity is guaranteed 
over the full operating range of 0 to 70°C. 
Their complete interchangeability 
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makes these devices well suited for 
hard-to-reach locations. MN3013, $22.50; 
MN3014, $24. Micro Networks Corp., 
324 Clark St., Worcester, MA 01606. 
Phone (617) 852-5400. _—‘ Circle No. 173 


FLOATING-POINT MODULE. Accepting 
16 data bits and a 4-bit exponent, Model 
DD154 uses either automatic-justify or 
controlled-shift modes of operation to 
convert a floating-point value into 
scientific notation while maintaining full 
precision. Internally clocked, a full 16-bit 
Operation takes <5 sec and requires a 
single program instruction. $140; deliv- 
ery, 60 days. Interface Engineering, Inc., 
386 Lindelof Ave., Stoughton, MA 02072. 
Phone (617) 344-7383. Circle No. 174 


CRT FOCUS AMPLIFIER. Basically fol- 
lowing the beam control and speed of a 
deflection amplifier, the Mark | supplies 
current for optimum focus at the center 
of a CRT face and dynamically changes 
the current to refocus the electron beam 
as it moves across the CRT face. Special 
features include compact design, high 





¢ NON-VOLATILE. 


MICROPROCESSOR CORE MEMORIES 


FOR THE LSI-11, 8080, 6800, IMP-16P 





writing rates, crisp character generation, 
rapid and accurate beam positioning, 
short-circuit protection and half the 
power consumption of conventional 
systems. CPS, Inc., 722 E. Evelyn Ave., 
Sunnyvale, CA 94086. Phone (408) 


738-0530. Circle No. 175 


e PIN-TO-PIN COMPATIBILITY. 


MM-16P 8K x 16 


MM-6800 8Kx8 





e POWER MONITORING FOR DATA PROTECTION. 


MM-1103 8K x 16 


MM-8080 


8K x 8 


MM-1103 — Plugs directly to DEC. LSI-11 and PDP11-03 computer. 
MM-8080 — Plugs directly to Intel’s MCS 8 and compatible with SPC80 & MDS800. 
MM-6800 — Plugs directly to Motorola’s EXORciser and compatible with the Evaluation Modules. 








icra 
MP emory 


MM-16P — Plugs directly to National’s IMP-16P Microcomputer. 





9438 Irondale Ave., Chatsworth, California 
ne Tel: (213) 998-0070 


! For more information, Circle No. 102 

















SY AEX 


PAINIEL METER 





PM-3.5AC 


Features Include: 


e Full three digits plus 100% over-range (3-1/2 
digits). @ +0.5% reading +2 digits accuracy from 
45 Hz to 1200 Hz (45 - 400 Hz for 1000V range). 
@ 2V, 20V, 200V or 1000V full scale ranges. 
@ Operates from +3.6 to +6V atless than 250 mA. 
@ Programmable decimal. @ Small size: 1" H 
x 2.5" Wx 3.75" D, @ Large 0.3" LED display. 
@ Multiplexed BCD output. e@ Ratio orvoltmeter 
operation. 


Also vde meters - a unipolar or bipolar, 0.1%, 
3-digit PM-3 or PM-3A @ $85 or $89; abipolar, 
0.05%, 3-1/2-digit PM-3.5 @ $99 and a bipolar, 
0.02%, 4-digit PM-4 @ $170. 


See your local distributor! 
Distributor inquiries invited. 


For more information, Circle No. 103 


THE EQUIPMENT 
DESIGNERS 
P&NEL METER 


Pi- 4 With Display 


Blanking Feature. 





Unit Quantity- 6170 


Features Include: ; 

@ Full four digits with 0.02% accuracy. e Large 
0.3" LEDdisplay. @ Automatic zeroing & polarity. 
@ Lowpowerconsumption: 5V@0.8W. @ Small 
size: 1"H x 2.5"Wx3.25"D. @ Programmable 


decimal point. @ 1, 10, 100 or 1000 vde range. 


Also a unipolar or bipolar, 0.1%, 3-digit PM-3 or 
PM-3A @ $85 or $89, a bipolar, 0.05%, 3-1/2-digit 
PM-3.5@ $99 anda 0.5%, 3-1/2-digit, vac measur- 
ing PM-3.5AC @ $136. 


See your local distributor! 
Distributor inquiries invited. 


Non-Linear Systems, Inc. 
Originator of the digital voltmeter. 

Box N, Del Mar, California 92014 

Telephone (714) 755-1134 TWX 910-322-1132 





For more information, Circle No. 104 
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LITERATURE 


RCA CA3140 


the most useful op am 
@ since the 741." P 


iPOLAR 


OP AMP. A 12-pg. applications brochure 
describes features and related user 
benefits of the CA3140. Included are 12 
application circuits: function generator, 
meter driver and buffer amplifier, 
sample-and-hold, regulated supply, and 
others. Device ratings, characteristics, 
and performance curves are also 
presented. RCA/Solid State Division, Box 
3200, Somerville, NJ 08876. 

Circle No. 194 


DISPLAY PANELS. Complete, ready-to- 
install panel modules are described in 
this 6-pg. brochure. An easy-to-use 
combination ordering/pricing chart lets 
users determine the exact cost of models 
with various options. Specs and mount- 
ing dimensions as well as legend, lamp, 
ground, terminal and other options are 
described in detail. Data Panel, Inc., 
7313 S. Washington Ave., Edina, MN 
55435. Circle No. 176 


ipfored Micro imucics 


SRS LARRY BESESL EBB: 


INFRARED MICRO IMAGER. A 6-pg., 
4-color brochure (Bulletin 12-970) de- 
scribes the Model RM-50, which pro- 
duces high resolution, real-time ther- 
mography of microscopic objects. This 
brochure details the RM-50’s perform- 
ance and available display modes, 
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describes its operation and special 
features, and illustrates the obtainable 
results. Barnes Engineering Co., 30 
Commerce Rd., Stamford, CT 06904. 

Circle No. 177 


LCD’S. A 20-pg. booklet traces technolo- 
gy development and discusses the pros 
and cons of field-effect vs. dynamic 
scattering LCD’s. Fully illustrated, the 
guide also contains information and 
diagrams on the company’s line of 
instrument, clock and alphanumeric 
displays. An information-request form is 
included for those with specific applica- 
tion problems. Shelly Associates, 1562 
Reynolds Ave., Irvine, CA 92714. 

Circle No. 178 


\ 
iC DIP SOCKET Product Selection Guide 


SAS 
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IC SOCKETS. This Selection Guide is a 
most useful tool for designers working 
with IC interconnects, providing design 
guidelines and application data for 
production, burn-in and test sockets; as 
well as plugs, cables and headers. An 
easy-to-follow chart, that lists major 
socket features and temp. ratings, will 
greatly ease proper socket selections. 
Robinson-Nugent, Inc., 800 E. Eighth St., 
New Albany, IN 47150. Circle No. 179 


PHOTOSENSITIVE DEVICES. Special- 
purpose versions of these devices are 
described in a 24-pg., 2-color booklet. 
Operating principles and applications 
are included, as well as specifications, 
performance characteristics, noma- 
graphs and lists of sensor-selection data, 
reference data and accessories. ITT 
Electro-Optical Products Div., 3700 E. 
Pontiac St., Fort Wayne, IN 46803. 
Circle No. 180 
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THYRISTORS. The 32-pg. “Triac and SCR 
Cross-Reference Guide,’” CRG-421, indi- 
cates RCA types recommended as 
replacements for 2100 industry triacs and 
SCR’s. This booklet includes 2 cross- 
reference listings: RCA to commodity- 
type industry thyristors; and a compre- 
hensive directory of industry-to-RCA 
replacements. RCA/Solid State Div., Rte. 
202, Somerville, NJ 08876. 

Circle No. 181 


STANDARDS. A 192-pg., 1976 catalog 
lists 6000 American National Standards 
and some 4000 international standards 
and recommendations. The ANSI stan- 
dards are those approved through 
November, 1975; all listed publications 
are available from ANSI’s Sales Depart- 
ment. This catalog also abstracts special 
publications on subjects such as. metric 
conversion and consumer affairs, and 
includes a 28-pg. index, plus ordering 
information. American National Stan- 
dards Institute, Inc., 1430 Broadway, NY, 
NY 10018. Circle No. 182 





THERMOCOUPLE THERMOMETER. Ap- 
plications served well by the Heat- 
Prober™ are pictured in full color in this 
8-pg. catalog W-576-D. The literature 
also describes and pictures the instru- 
ment’s 28 interchangeable thermocou- 
ple probes, and gives full performance 
specs. William Wahl Corp., 12908 
Panama St., Los Angeles, CA 90066. 
Circle No. 183 
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SOLENOIDS. This 6-pg. booklet de- 
scribes 23 different solenoid types in 
detail. The coverage includes both 
box-frame and cylindrical versions in a 
variety of sizes and operating voltages. 
Force and stroke tables make it easy for 
the user to select the proper solenoid for 
his application. Regdon Corp., 3713 
Grand Blvd., Brookfield, IL 60513. 

Circle No. 184 


SOLID STATE. This 16-pg. condensed 
catalog, technical data sheet T-1017, lists 
triacs, diacs, SCR’s, solid-state and 
hybrid relays available from Teccor 
Electronics (formerly ECC Corp.). The 
catalog contains electrical and dimen- 
sional drawings, as well as part-number 
specifications on over 800 items. Teccor 
Electronics, Inc., Box 669, Euless, TX 
76039. Circle No. 185 


CAPACITORS. The RF Capacitor Hand- 
book is a 256-pg. manual covering basic 
circuit-design considerations and uses of 
RF capacitors. Discussions include high- 
frequency circuit design tips, character- 
istics of different designs, test methods, 
data characterizing RF capacitors, and 
ways to maximize gain, bandwidth and 
power. American Technical Ceramics, 1 
Norden Lane, Huntington Station, NY 
11746. Circle No. 186 


4k RAM DILEMMA. Titled “The 4k RAM 
Dilemma: 16, 18 or 22 Pin?’’, this report 
will help designers select the best device 
for their requirements and _ priorities. 


The 18-pg. booklet advises no “best 
buy,’’ but covers such factors as 
board-area savings, addressing and 


multiplexing. Texas Instruments, Inc., 
Box 5012, Dallas, TX 75222. 
Circle No. 187 





POWER SUPPLIES. Full-color Bulletin 
76-2 describes the company’s line of 
power supplies that have octal-plug 
mounting/interconnections. It contains 
specifications and pricing, and illustrates 
some typical applications. Acopian 
Corp., Easton, PA 18042. Circle No. 188 





There’s more to a Shigoto buzzer than meets the eye. 
What you can’t see, is what you get. Put our buzzers to 
use. Each is the result of solid engineering know-how. 

A superior product you can rely on to carry out a itejen 
Efficiently. Effectively. Economically. Reliability you can 
trust. We make as many different kinds of buzzers as there 
are uses. And we'll deliver them promptly. You’re bound 
to find the one that was made for your product. If not, 
we'll help put one together to meet your individual 
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All-new Phi-Deck,; 
precision remote controlled 
cassetie transports starting at 





For application In: 


3 
4. Instrumentation 
5. Industrial Control Tt, 





under $100! 


Featuring: 

Re-engineered precision parts 

New cast frames 

4 motor reliability 

Remotely controlled 

* Precise, fast head 
engage/disengage 

¢ Quick braking 

* Various speed ranges 


Electronic packages for control or read/write 
6. Data duplicating 


1. Micro processing 7. Security/automatic warning 
2. Data systems 
recording/logging/storage 8. Test applications 


9. Audio visual/education 
10. Hi-Fi 
Others 


N 


requirements. Give us a buzz and ask for our 
catalog. And while you're at it, look into our 
other outstanding O.E.M. components, too. 


SHIGOTO. HOW WELL YOU DO YOUR JOB 
DEPENDS ON HOW WELL WE DO OURS. 


Write or phone for our catalog and more information. 


©» Shigoto Industries Ltd. 


350 Fifth Ave., N.Y., N.Y. 10001/(212) 695-0200/ Telex 224219 


One of the World’ s Largest Sas oe Importers 





For more information, Circle No. 105 


Tiplel A Division of The Economy Co. 


f BBL 1901 North wainut P.O. Box 25308 
Oklahoma City, Oklahoma 73125 (405) 521-9000 
1) | am interested in application no. 
1) Have Representative call 0 Send application notes 








Title 








Address 
City State Zip 


Phone Number 
mh Hm HH EH Ee 


For more information, Circle No. 106 











Name 
i Company Name 
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Standard Bearers 


Our standard model monolithic 
crystal filters and discriminators 
are camped on our shelves. 
They're ready to march right in 
and give you guaranteed selec- 
tivity. If you’re fighting cost or 
tough requirements, let our stan- 
dard models win the battle for 
yOu. 


The Standard in Monolithic Crystal Filters 


Piezo Technology Inc. 
2400 Diversified Way. Orlando. FL 32804. (305) 425-1574 








For more information, Circle No. 107 


IMP-1 Bi-directional 
Line Printer-$450 


(6800 & 8080 Compatible) 


The IMP-1 was designed to satisfy low 


re) a (exsve Mmm el-1 a] ¢)a\-1e-] Mmal-1-10 mn (0) am dal -Mme-] el[e lh 
growing microprocessor field. It is a 
5x7 dot matrix impact printer with a 


40 column multicopy output. The 
printer, complete with drive electronics, 
internal power supply, character decod- 
ing and software driver proms interfaces 
directly with the 6800 and 8080 micro- 
processors. The printer is capable of 
bursts up to 80 characters per second 
bi-directionally. - 

IMP-1, another outstanding product 
from EPA-Specialists in low. cost 
computer development systems. 


For more information call or write: 
Electronic Product 


Associates, Inc. 


1157 Vega St., San Diego, CA 92110 
(714) 276-8911 


For more information, Circle No. 108 
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LITERATURE 





DIGITAL INSTRUMENTATION. A 12-pg. 
catalog covering DMM’s and _timer/ 
counters first presents a quick reference 
specification-comparison chart, then 
gives full specs on each of the 
instruments. Data Precision Corp., 
Audubon Rd., Wakefield, MA 01880. — 
Circle No. 189 


PENSION PLANS. Featuring 27 tables, 
most of them especially constructed for 
this 180-pg. book, ‘‘Everything you 
should know about pension plans” gives 
a wealth of information to help you avoid 
costly mistakes. The authors, Fay and 
Leo Young, use their IEEE experience to 
good advantage in treating this timely 
topic. Paperback, Library of Congress 
No. 76-017381, $4.95. Bethesda Books, 
Box 34567, Bethesda, MD 20034. 
INQUIRE DIRECT. 


esas batrumenis 
Dotal Mucroprocessor Uapalality 


uP CAPABILITY. This 8-pg., 4-color 
brochure describes Tl’s «uP line that 
features technology and product infor- 
mation spanning a range of system- 
design needs from stand-alone pC 
systems to large, general-purpose com- 
puters. Included are all Tl wP’s, software, 
support hardware, and memory compo- 
nents. Texas Instruments, Inc., Box 5012, 
Dallas, TX 75222. Circle No. 190 








uP’S AND REMOTE STATIONS. The 
booklet ‘Supervisory System Program- 
mable Remote Station Utilizing a pP”’ 
concentrates on the practical application 
of wP’s in remote power-utility stations. 
Chapters detail a system that constantly 
monitors such stations, reporting alarm 
conditions when warranted. Sections 
cover word structure, security tech- 
niques, system organization and flow 
charting. $3.50. IVECO, 17402 Coronado 
Lane, Huntington Beach, CA 92647. 

INQUIRE DIRECT 


GEBEPAL SE BES ESTES HS 


TRANSZORBS™'. ‘“‘A Comparison Re- 
port of TransZorbs versus Metal Oxide 
Varistors,”” provides data on published 
specs as well as comparative test data. 
This 8-pg. report defines key parameters 
to consider in specifying transient 
suppressors and explains how to 
compare the 2 types of devices. General 
Semiconductor Industries, Inc., 2001 W. 
10th Pl., Tempe, AZ 85281. 

Circle No. 191 


LOGIC ANALYZERS. A broad line of 
digital logic analyzers is described in a 
6-pg. folder that lists the features of all 
available models, along with concise 
explanations as to how they can be 
applied. Photographs illustrate timing- 
diagram display outputs for different 
operational modes. Biomation Corp., 
10411 Bubb Rd., Cupertino, CA 95014. 

Circle No. 192 


VOLTAGE REGULATION. The 16-pg. 
booklet ‘‘Theory, Design and Operation 
of Line-Voltage Regulation’”’ discusses 
causes of irregular voltage, the subse- 
quent problems and various solutions 
that provide constant voltage. A listing 
of 40 applications offers practical input 
on when and where line-voltage 
regulation is useful. Sola Electric, 1717 
Busse Rd., Elk Grove Village, IL 60007. 
Circle No. 193 
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EDN SALES OFFICES 


H. Victor Drumm 
Executive Vice President 
and Publisher 

Gerry Hoberman 
Marketing Manager 
Andrew P. Cahners 
Business Manager 
Boston, MA 02116 
(617)536-7780 





NEW YORK CITY 10017 
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ness magazines and directories: 


e Appliance Manufacturer 
e Brick & Clay Record 
e Building Design 

& Construction 
Building Supply News 
Ceramic Industry 
Ceramic Data Book 
Construction Equipment 
Design News 
Design News Annuals 
EDN 
Electronic Business 
Electric Light & Power 
Foodservice Equipment Dealer 





The Cahners Book Division pub- 
lishes business, professional and 
technical books for the working 
professional in selected fields 
served by Cahners magazines. 
More than 500 titles currently are 
listed. 


Cahners Publishing Company, Inc. 
221 Columbus Avenue 
Boston, MA 02116 
(617) 536-7780 
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CAHNERS PUBLISHING COMPANY, INC. 


The Cahners Magazine Division publishes the following specialized busi- 





MAKE IT WITH 
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inshect 


WHEN METAL QUALITY IS VIT 


Thinsheet is a name that you can trust when quality and uni- 
formity of thin gauge strip are critical to the reliability factors 
of your components, printed circuits and conductors. Our thin 
gauge Strip is the finest available. We supply copper, brass, 
bronze, phosphor bronze, nickel, nickel alloys, nickel silver, 
CDA 194, stainless steels, and tin coated metals in gauges 
from .020” to .0005”, with tolerances of +.0001” and widths 
1/16” to 26”. We also supply tin coated metals processed exclu- 
sively on equipment of our own design. In many areas fast 
deliveries are made with our own fleet of trailer trucks. 

Phone (203) 756-7414. (In Newark, 

N.J. area, phone direct 642-1624.) The Thinsheet Metals 











Institutions / VFM 

Modern Materials Handling 

Modern Railroads 

Package Engineering 

Plastics World 

Professional Builder / 
Apartment Business 

e Purchasing 

e Service World 

International 

e Specifying Engineer 

Traffic Management 

e U.S. Industrial Directory 














The Cahners Exposition Group is 
the largest producer, operator and 
manager of trade and consumer 
shows in the United States... with 
26 shows, 2,000,000 square feet of 
exhibition space and total annual 
attendance of over two million. 
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Company, Waterbury, Connecticut 06720. 


For more information, Circle No.110 
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“Light” your 
yas discharge 


displays from 
low voltage 


DC lines 
with 


DC-to-DC 
Power Supplies 


When you must convert low. 
DC line voltages to nominal | 
200 or 250 V DC levels in order 
to activate gas discharge dis- 
plays, ask us to recommend 
the DC-to-DC power supply 
that’s right for your applica- 
tion. 
Various models available: 
mw Standard inputs—5, 9, 12, 
15 V DC; others under 
5 V DC and up to 48 V DC. 
= For seven-segment and 
matrix-type displays. 


Write for 
free 
literature: 






Se & & 





= Regulated and unregulated. 
# Single and dual output, 
capable of up to 12 W total. 
® Outputs from 5 V to 
1500 V DC. 


Compact size and light weight 
help give easy portability to 
equipment in which they are 
used! 


Need custom designed power 
supplies for your gas dis- 
charge displays? Ask about 
our custom engineering and 
production capabilities. 


JENDICOTT COIL 


27 Charlotte St., Binghamton, N.Y. 
13905 (607) 797-1263 


For more information, Circle No. 111 
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First issue: September 1976 





New York, NY 10017, USA 
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Electronic engineers and designers 
You are using the most modern techniques 
So you want the latest information 


NMHuICrOPrOCessors 


the international quarterly 
on software, hardware 
and applications of 
microprocessors and 
microcomputers 


IPC Science and Technology Press 
Subscription: $67.60 per annum (four issues) 


For more details please write to: 
IPC Business Press Limited, 205 East 42nd Street, 


Telephone: (212) 889-0700 Telex: 421710 


Editorial and administrative office: 
IPC Science and Technology Press Limited, IPC House, 
32 High Street, Guildford, Surrey, England, GU1 3EW 
Telephone: 0483-71661 Telex: Scitec Gd 859556 


For more information, Circle No. 113 
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Molex is proud to have ranked 2nd 
among socket manufacturers in per- 
formance in a 1975 mini-computer 
manufacturers test study. Why are we 
proud to be a runner-up? Well, the 
winner was a screw machine type part 
at three times the cost, that’s why! ! 
Proven reliability, quality features, and 
the economical price you have wanted 
in a closed entry socket is now available 
from... Molex, Incorporated. 


The 6097 Closed Entry LSI Socket 
combines the time-tested quality of the 
Molex Soldercon™ 1938 Dual Beam 
contact with a new 94V-0 flame 
retardant polyester housing. This new 
combination allows insertion and with- 
drawal of fragile LSI’s without damage 
while maintaining sufficient normal 
force for a reliable low-level electrical 
contact. 


Key Features: 


The Molex Soldercon' features side 
bearing contacts. These contacts offer 
better overall contact reliability, 
mechanically, and electrically, because 
we are making contact with the main 
surface of the lead frame. 
Contact resistance remains 
constant after many inser- 
tions and withdrawals. 


The 94V-0 black 
housing design 
incorporates many 
desirable features 
such as the closed 
entry cap...a 
tapered lead-in 
ramp to insure 
positive 
positioning of 
the LSI in the 
contact areas, 
and a closed 
socket base to 
prevent solder 
wicking during 
wave soldering. 









The Designers 
Answer to 
Socket Contact 
Reliability 











Options: 
The 6097 is available in 24, 28, and 
40 positions on .100 x .600 spacing. 
Contact platings and materials are 
available in tin, selective gold, and 
overall gold over brass or phos 
bronze material. 


The 6097-N could be the answer 
to your socketing headaches at a | 
very competitive price. For example, | 
a 24 position socket at the 5,000 | 
piece price level costs 24¢ each 
in tin. 





Literature: 


For your FREE 6-page Socket 

flyer including line drawings 

and specifications of the Molex | 
line, call (312) 969-4550; or | | 
write Molex Incorporated, 2222 | 
Wellington Ct., Lisle, 1L 60532. | 


Molex Service: 


These sockets are backed by the Molex reputation for excellence in engineering, 
reflected in the quality and reliability of Molex affordable technology in 
interconnection and switch products. 


Molex has a nationwide network of representatives and franchised distributors 
to handle your off-the-shelf and large quantity orders. Field engineers are at 
your service to solve your tooling problems. 
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molex ... Affordable Technology 





For more information, Circle No. 2 





Swage-Bond™ eliminates pin 
termination failure, provides 
more reliable empco. 





